
 I 

 

 

 

THE WIND-CATCHER, A 

TRADITIONAL SOLUTION FOR A 

MODERN PROBLEM 

 

 

 

NARGUESS KHATAMI 

 

 

 
A submission presented in partial fulfilment 

of the requirements of the University of 

Glamorgan/ Prifysgol Morgannwg for the 

degree of Master of Philosophy  

 

 

August 2009  

 

 

 

 



 II 

 
 

 
R11 
 
 
 
 
 

1 Certificate of Research 

 
 
 

This is to certify that, except where specific reference is made, the work 
described in this thesis is the result of the candidate’s research.  Neither this 
thesis, nor any part of it, has been presented, or is currently submitted, in 
candidature for any degree at any other University. 

 
 
 
 
Signed   ……………………………………… 
   Candidate 
                                            11/10/2009 
Date   …………………………………....... 
 
 
 
 
Signed  ……………………………………… 

  Director of Studies 
                                             11/10/2009 
Date   ……………………………………… 



 I 

Abstract 

This study investigated the ability of wind-catcher as an environmentally friendly 

component to provide natural ventilation for indoor environments and intended to 

improve the overall efficiency of the existing designs of modern wind-catchers. In fact 

this thesis attempts to answer this question as to if it is possible to apply traditional design 

of wind-catchers to enhance the design of modern wind-catchers. 

Wind-catchers are vertical towers which are installed above buildings to catch and 

introduce fresh and cool air into the indoor environment and exhaust inside polluted and 

hot air to the outside. 

In order to improve overall efficacy of contemporary wind-catchers the study focuses on 

the effects of applying vertical louvres, which have been used in traditional systems, and 

horizontal louvres, which are applied in contemporary wind-catchers. The aims are 

therefore to compare the performance of these two types of louvres in the system. For this 

reason, a Computational Fluid Dynamic (CFD) model was chosen to simulate and study 

the air movement in and around a wind-catcher when using vertical and horizontal 

louvres. The results indicate significant improvements on the wind-catcher’s performance 

by applying vertical louvres (up to 28%). 

Although applying vertical louvres helps to improve the performance of the wind-

catchers, diagonal main partitions which have been used in contemporary wind-catchers 

create restrictions against air entry. Therefore, the effects of applying other forms of main 

partitions such as perpendicular and H shape partitions were investigated. The results of 

this investigation reveal that applying H shape partitions can improve the efficiency of 

the system under certain conditions (when the prevailing wind blows against a bigger 

segment) and the opposite phenomena was observed when then direction of the 

prevailing wind changed. 
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2 Introduction: 

Natural ventilation or Mechanical Ventilation 

1.1 Introduction  

The high rate of population growth has led to high fossil energy demand all over the 

world and consequently the high energy demand has a detrimental effect on the 

environment, society, economics, politics and industry (Allard and Chiaus, 2005) 

 

Among all fossil energy consumers, the building industry can be considered as one of 

the main energy users (Edwards, 1995). Construction uses almost 40% of the world’s 

energy and is responsible for almost 70% of emitted sulphur oxides and 50% of emitted 

CO2
 
(UNCHS, 1993). The amount of energy which has been consumed by the building 

industry is emitted in any of four stages: firstly, during the process of preparing the 

materials; secondly, transporting the material, thirdly, building and erecting the 

buildings and finally the amount of energy required for running and maintaining 

buildings during their life time. In parallel as a result of increasing family income and 

population in developed countries, the use of air conditioning systems has also 

increased which increases the amount of energy being used during the life time of a 

building (Asimakopoulos and Santamouris, 2005). It is estimated that the volume of air 

conditioned buildings in Europe will increase four times by the year 2010 compared to 

2005 (Asimakopoulos and Santamouris, 2005). 

The development and interest in applying mechanical devices which only or mostly rely 

on fossil energy in buildings can be historically explained by a number of reasons such 

as population growth, increasing family’s income and low energy and running cost of 

mechanically ventilated building. For example in the early 20
th

 century the energy price 

was not really high to encourage investors, designers and users to use other types of 

energy (Randal, 2002). A good example of such a building is the Larkin Building (see 

Figure 1-1) designed by Frank Lloyd Wright in New York which was a sealed box, 

which only relied on mechanical devices. 
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Figure 1- 1: Larkin Building 

Source: Webster and Yu ,1998 

As a result most modern buildings have applied air conditioning for cooling and 

ventilation to provide acceptable indoor air quality and thermal comfort, despite the 

potential harmful effects of air conditioning systems on the environment and human 

health (Asimakopoulos and Santamouris, 2005). Such problems could be listed as 

follow: 

2.1.1 Environmental problems 

• High electrical energy consumption in summer as a result of wide usage of air 

conditioning units lead to increased peak electricity demand in the hot season.   

• High electrical energy consumption in air conditioning systems increase the 

consumption of fossil fuel, and then high consumption of fossil fuel lead to increased 

atmospheric pollution and finally climate changes. 

• Heat rejection during the production and consumption process has a detrimental effect 

on the environment 

• CFCs and HFCs used in air conditioning units lead to ozone layer depletion   

 

2.1.2 Indoor air quality 

• Applying mechanical ventilation system can result in sick building syndrome.  

• Occupants feel dissatisfied in such buildings. 
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2.1.3  Economic problems  

• As natural sources are limited, this leads to the political and economical dependency 

of countries with limited amounts of natural sources to the countries with higher 

amount of natural sources.  

• Installation and maintenance of air-conditioning units results in extra costs. 

 

Therefore, applying renewable energy such as wind and solar energy to provide an 

acceptable indoor air quality and solve the problems of mechanical ventilation systems 

are vital (Liddament, 1996). As in natural ventilation fossil dependency is much less 

than mechanical ventilation systems natural ventilation systems can be an alternative 

solution to mechanical air-conditioning systems. 

 

2.2 Ventilation: 

According to (Awbi, 1991), ventilation can be defined as the: 

“Replacement of polluted or stale indoors air by fresh or unpolluted air from outside.” 

The main reason for applying ventilation, mechanical or natural, in a building, is to 

providing acceptable indoor air quality for its occupants. In summery ventilation in a 

building is applied to: (Awbi, 1991) and to (Martin, 1995, Oughton and Hodkinson, 

2002, Edwards, 2005, Roaf, 2007) 

1. Provide sufficient air for breathing and removing CO2. The accepted level for a 

maximum concentration of CO2 within an occupied space is 5000 parts per million, or 

0.5% by volume for an exposure of 8 hours  is recommended in flowing table: 

 

 

Minimum ventilation required (litre/s per person) 

Activity 0.1% CO2 0.25% CO2 0.5% CO2 

At rest 5.7 1.8 .085 

Light work 8.6-18.5 2.7-5.9 1.3-2.8 

Moderate work - 5.9-9.1 2.8-4.2 

Heavy work - 9.1-11.8 4.2-5.5 

Very heavy work - 11.8-14.5 5.5-6.8 

 

Table 1- 1: Ventilation rates required to limit CO2 concentrations 

Source: (Oughton and Hodkinson, 2002) 
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2. Eliminate and increase amount of airborne toxins and contaminants 

3. Cool the building and its occupant in the summer. 

2.3  Ventilation and human comfort  

Ventilation systems help to provide a comfortable microclimate in the ventilated space 

(Awbi, 1991). In this context, the microclimate concept involves a thermal environment 

and air quality (Battle McCarthy Consulting Engineers, 1999). Therefore, in designing 

natural ventilation systems these two parameters of providing acceptable air quality and 

thermal environment should be considered at the same time. In this approach it is 

necessary to create the thermal balance between the human body and the internal 

environment. 

There are four environmental parameters (i.e. air temperature, mean radiant 

temperature, air velocity and water vapour pressure in the air) (Littler and Thomas, 

1984) and three personal parameters (i.e. metabolism, activity and thermal insulation of 

clothing) (Smith et al., 1983) which all have effects on the thermal body’s balance.  

To find the heat equation for the human body it is necessary to know the rate of heat 

which is produced in the human body by its metabolism, and the  effect of the external 

parameters on the rate of heat loss to the environment by evaporation, respiration, 

radiation, convection and conduction from the body’s surface(Awbi, 1991). This can be 

represented by Equation 1-1:  

               S=M+W+R+C+K- E - RES                                                                      (1-1) 

 

  S= heat storage in the body, (W) 

  M= metabolic rate, (W) 

 W= mechanical work done by the body, (W) 

  R= heat transfer by radiation, (W) 

  C= heat transfer by convection, (W) 

  K= heat transfer by conduction, (W) 

  E = evaporative heat loss, (W) 

  RES = heat lost by respiration, (W) 
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If the amount of S is positive it shows, the body temperature is rising. Whilst a negative 

value indicates the temperature is falling. When the value of S is equal to 0, the body 

can be in thermal balance. This means a comfortable state can occur when the amount 

of heat absorbed by the body is the same as amount of the heat emitting to the 

environment. (Schiano-Phan, 2004). However, it does not mean always the body feels 

comfortable when the amount of the equation is equal to 0 because it could happen 

when some parts of the body feel hot while other parts feel cold (Schiano-Phan, 2004) 

So, thermal comfort could be defined as “state of mind that expresses satisfaction with 

the thermal environment” (ASHRAE, 1992). Finally it should be mentioned that 

according to Humphrey’s survey, as can be seen in Figure1-2 (Humphreys MA, 1978 ; 

J CIB, 1978)there is a direct relation between habit and comfortable temperature. It 

means people who live in hotter regions feel more comfortable in higher temperatures 

(Humphreys MA, 1978 , J CIB), 1978). In the UK during summer period the CIBSE 

guide volume A, suggests the internal temperature of 20-22ºC (continuous) and 23ºC 

(transient) and relative humidity of 30-70% (50% is the best condition). In the case of 

applying natural ventilation, it is acceptable to have indoor air temperature of above 25 

ºC in 5% of occupation time and above 28 ºC in 2% of occupation time. 

 

 

 

 

 

 

 

 

Figure 1- 2: People who live in hotter areas are comfortable at higher temperature 

Source: Humphreys, 1978 
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2.4 The role of thermal comfort: 

There are some important reasons which demonstrate why thermal comfort is important 

in the design of buildings. 

• Thermal comfort has an important effect on user’s satisfaction 

• There is a direct relationship between the temperature which people try to achieve in 

their accommodation and the amount of energy it will use in that building. 

• If occupants do not feel comfortable in a building then they try to make themselves 

comfortable. Usually these lead to the use of more energy and maybe destroying a 

constructed low energy strategy (Roaf et al., 2004). 

Ventilation and air movement can take place in a building through natural or 

mechanical forces. Due to the harmful effects of mechanical forces mentioned in the 

introduction, ventilation through natural forces will be more reliable and acceptable 

although natural ventilation itself has some limitations. For example, in naturally 

ventilated buildings, the layout of buildings or orientation have significant effect on 

efficiency of the systems; and for this reason they are not as flexible as mechanically 

ventilated buildings in resolving the issues which may arise due to necessary 

modifications during the building life time.  

In addition as naturally ventilated buildings take advantage of big openings, they also 

tend to be noisy since large openings let more noise to enter the building as well as 

fresh air (Asimakopoulos and Santamouris, 2005). For this reason, the location of 

naturally ventilated building is very important and it may be wise to avoid them in 

noisy areas. 

2.5 Providing acceptable air quality 

As mentioned in section 1.2, ventilation in a building is applied to provide acceptable 

thermal environment as well as suitable indoor air quality. However, the ventilation rate 

required for the purpose of cooling and providing acceptable thermal environment is 

higher than amount of ventilation which is required to provide acceptable indoor air 

quality (Heiselberg, 2002) 

Natural ventilation provides air movement in a building which helps to provide 

recommended indoor air quality. Table 1-2 shows the minimum ventilation rate 
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required in a building to provide acceptable amount of oxygen for breathing, to dilute 

the metabolic CO2 and to dilute odour. It should be mentioned that, the amount of 

ventilation required in a building is highly affected by the activity. Therefore, there is a 

range of ventilation requirement according to the occupants’ activity  

 

Source Purpose of ventilation Minimum recommended 

value (l/s/p) 

CIBSE (1986) oxygen for breathing 0.3 

HSE Guidance Note EH22 

(1988) 

oxygen for breathing 0.5 

CIBSE (1986: B2-3) dilution of metabolic CO2 5 

HSE Guidance Note EH22 

(1988) 

dilution of metabolic CO2 2 

CIBSE (1986: B2-3) dilution of odour 8 

HSE Guidance Note EH22 

(1988) 

dilution of odour 9 

Table 1- 2: Recommended amount of air to provide acceptable indoor air quality 

 

As can be seen in Figure 1-3, which is provided by CIBSE, the amount of minimum 

required air flow rate is also highly affected by the amount of smoking; and therefore 

by minimising the smoking in the indoor area, the required air flow rate decreases as 

well.   
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Figure 1- 3: Ventilation rates for fresh air control. 

Source: BRE, 1994 

2.6  Function of natural ventilation 

The function of all natural ventilation methods is based on pressure equalization in the 

space through air movement (EleyAssociates, 2004). Natural ventilation provides fresh 

air into the building and/or removes used and polluted indoor air. Wind and temperature 

difference (stack effect) creates natural pressure differences around the building and 

subsequently naturally ventilated systems get an advantage from this phenomenon 

(Battle McCarthy Consulting Engineers, 1999). In summary the performance of natural 

ventilation depends on wind pressure and temperature difference (Battle McCarthy 

Consulting Engineers, 1999). 

 

2.6.1 Wind  

When wind hits a building it creates a high pressure zone on one side and a low 

pressure zone on the other side of the building (Hastings, 1994). See Figure 1-4. Wind 

is intended to equalize the pressure so it enters via an opening on the windward side and 

exits through an opening on the leeward side (Battle McCarthy Consulting Engineers, 

1999;Oughton and Hodkinson, 2002). Hence anything that affects the pressure field 

around the building affects natural ventilation performances. In this context the wind 

direction and wind velocity have a significant effect on the pressure field around a 

building. For these reasons it is important to place the wind entrance and exit in the 
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right place to maximise the pressure differential between inlet and outlet (Battle 

McCarthy Consulting Engineers, 1999). 

 

 

Figure 1- 4: High pressure zone on windward side (indicated by red colour) and low pressure zone 

on leeward side (indicated by green colour) 

 

The simple image of a building that is ventilated only through wind with two openings 

can be illustrated as in Figure 1-5 (Etheridge and Sandberg, 1996). 

 

 

 

Figure 1- 5: Ventilation due to wind. 

Source: Etheridge, 1996 

 

                                                               
21 pppp II −=−                                                             (1-2) 

 

For a simple building Equation 1-3 can be used to calculate air flow rate through an 

opening in the windward and leeward sides of a building (British Standards Institution, 

1991): 

 

                                                    2/1)( prwdw CUACQ ∆=                                           (1-3) 

 

High pressure zone 

 

Low pressure zone 
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Where: 

wQ  is the volume flow rate of air because of wind only )/( 3 sms . 

dC  is the discharge coefficient for an opening. 

pC  is the surface coefficient. 

rU  is the reference wind speed (m/s) 

And wA  is the area of specific opening where 
2

43

2

21 )(

1

)(

1

AAAA
Aw

+
+

+
=    and 

1A  

and 
2A  are the supply openings and 

3A and
4A  are the extracts (m²). 

The time-mean pressure as a result of the wind effect wp on to or away from the surface 

can be calculated from equation 1-4 (Awbi,  1991): 

                                             25.0 vCp pw ρ=                                                             (1-4) 

Where: 

wp  is wind pressure (Pa) 

pC is the static pressure coefficient 

 v  is the wind speed at datum level (usually height of building or opening)(m/s) 

ρ  is the air density ( 3/ mkg ) 

To find the value of pC usually wind tunnel testing is used. The pressure coefficient can 

also be estimated via pressure measurement in the real building (Awbi, 1991).  It should 

be mentioned that the value of 
pC  on a building’s surface is affected by the building 

geometry, wind velocity and wind direction which are affected by the pressure field 

around the building. In addition, the position of the building in relation to its 

surrounding affects the value of
pC  (Awbi, 1991).  

2.6.2 Temperature difference (Stack effect) 

Natural ventilation may also result from the stack effect. Cool denser air comes down, 

and warm and less dense air goes upwards and helps to ventilate the building (Battle 

McCarthy Consulting Engineers, 1999; Renewable energy sources, 1994).  
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Temperature differences occur between the inside and outside of a building and also 

can take place inside a building. When the indoors air temperature is higher than the 

outdoors, outside cooler air enters into the building through openings at the lower level 

of the building and inside warm air exits through openings at higher parts of the 

building. The reverse takes place, when inside air temperature is less than outside air 

temperature.   See Figure 1-6 (Awbi, 1991). 

 

 

 

Figure 1- 6: Buoyancy-induced air leakage through two vertical openings. 

Source: Awbi, 1991 

The amount of pressure as a result of buoyancy (stack pressure) can be calculated by 

the equation 1-5:  

 

                                 gypps ρ−= 0      (Pa)                                                   (1-5) 

 

Where:  

p0
= pressure at a datum height, h0

, (Pa) 

ρ 0
= air density (kg/m³) 

 g = acceleration due to gravity (m/s²)  

 y = height measured from datum (m) 
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The vertical pressure is given by: 

                              g
yd ρ−=dd  

                                         ΤΤ−= 00
gρ      (Pa)                                            (1-6) 

Where: =ρ 0
 air density at reference temperature Τ0

(kg/m³) 

The previous equation shows that the stack pressure depends on height and decreases 

with height; the amount of stack pressure difference between two vertical openings 

separated by a vertical distance h is given by Figure 1-6 which can be calculated by 

equation 1-7: 

 

                                 [ ]Τ−ΤΤ−= i11
0

0
ehgps ρ    (Pa)                                                (1-7) 

Where  

=Τe
 External air temperature (K) 

 =Τ  i
Internal air temperature (K)  

British Standard Code of Practice for ventilation principles and designing for natural 

ventilation proposes the following formula to estimate the air flow as a result of stack 

effect only (British Standards Institution 1991): 

                    2/1
)

2
(

T

gH
ACQ bdb

θ∆
= (m³/s)                                  (1-8) 

Where: 

bQ is the volume flow rate of air due to the effect of temperature only. (m³/s) 

θ∆ is the difference between absolute temperature. (K) 

T  is the average of inside and outside air temperatures.(K) 

H is the vertical distance between the centres of two openings in a wall. (m) 

bA is the area of specific openings where 
2

43

2

21 )(

1

)(

1

AAAA
Ab

+
+

+
=  and 

1A  and 

2A  are the supply openings and 3A and 4A are the extracts. (m) 
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2.6.3  Wind and stack effect 

In real life usually natural ventilation induce by combinations of wind and temperature 

difference as running forces in a building. It is depend on the availability of wind and 

temperature difference between inside and out side and between different levels of a 

building. The equation 1-9 can be used to calculate air flow rate when both wind and 

stack effect are involved (Awbi, 1991). 

                                                           

                                                                                                  (1-9) 

 

 

         is total air flow rate (m³/s) 

    

        is total air flow rate due to wind (m³/s)   

           

        is total air flow rate due to stack effect (m³/s) 

 

2.7 Specific devices for natural ventilation  

Natural ventilation devices, based on their function, can be grouped in to: wind, solar 

and both wind and solar assisted devices. 

It is clear that the natural ventilation needs some openings to allow air to enter the 

room. The most popular and well-known openings as a natural ventilation device is the 

window although window mostly is used for wind driven ventilation by a specific 

design ( placing window in different heights of the building); windows can also help to 

drive a buoyancy effect into the building. In addition, there are several solar assisted 

ventilation devices such as solar chimneys or double skin façades, and finally there are 

some devices which benefit from both wind and stack effect such as wind-catchers. All 

these devices can help to drive natural forces in to the building (Allard and Chiaus, 

2005). 
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2.7.1  Wind assisted devices: 

A wide variety of wind assisted devices exist in the market. They are mostly used to 

allow air to enter a room such as: 

22..77..11..11  Operable Windows 

Windows are mostly used to control the amount of air entering and exiting from the 

building. There are several forms of windows. Different forms of windows can be 

grouped, based on their location in the building and the way they open. Figure 1-7 

shows different types of windows. 

 

 

Figure 1- 7: Different types of openings in windows 

Source: Allard, 2005 

 

Although windows enable users to control the natural ventilation but, windows are 

unable to provide small but continues and controlled amount of air flows. In addition, in 

most cases windows individually can not provide enough protection against rain, dust, 

insects, and burglars.  

 

1.7.1.2. Vent 

 

Vents can be applied in buildings to minimize the mentioned problems of windows 

such as safety matter or penetration of rain, dust and insects into the building.  In 
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addition they can be used in the area where using window is hard or impossible such as 

attic spaces, service rooms or bath rooms. 

Vents are used to control the inlet air flow rate. (See Figure 1-8).They can be controlled 

by hand or automatically. Vents can be equipped with auxiliary tools, such as, 

moisture- sensitive ribbon to control the indoor air humidity. During times when the 

indoor air is too dry the passage should be closed and when indoor air humidity is high 

air passages can be opened. Vents can also be equipped with the acoustic enclosure to 

control noise (Allard, 1998; Allard and Chiaus, 2005). 

 

 

Figure 1- 8: Vent 

Source: Green house catalogue, 2004 

 

     

22..77..11..22  Trickle ventilators  

Trickle ventilators are applied to provide minimum fresh air required in building 

especially during winter time. According to Part F of Building Regulation about 

ventilators  (HMSO, 1993) an opening of 400 mm² per m² with a minimum provision in 

each room of 4000mm² is required and to minimize over draughts in cold times the 

ventilator should be placed at 1.75 m above floor level. 

22..77..11..33  Louvre 

Louvers can be used for large air flow rates and have huge openings while, can provide 

good protection against rain, insect, birds and burglars. Dampers can be applied behind 

the louvers to stop air entering the room when it is not necessary See Figure 1-9. 

Dampers could be controlled automatically or by hand.  
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Figure 1- 9: Different types of louvres with damper 

Source: Polymil, 2008 

 

Louvers can also be equipped with acoustic attenuation to reduce entering noise into the 

room. See Figure 1-10. 

 

Figure 1- 10: Louvres which are equipped with acoustic attenuation 

Source: McGill architectural, 2008 

 

2.7.2 Solar assisted ventilation 

 

When the amount of wind is reduced the natural ventilation relies mostly on buoyancy-

driven flow. A stack effect occurs as a result of the temperature difference between the 

indoor and the outdoor. Solar assisted devices help to increase temperature differences 

between inside and outside of the building by heating up the air in the ventilation stack. 

There are different types of solar assisted devices are: 

22..77..22..11   Solar chimneys: 

 A solar chimney is a chimney with a gap of 200mm located on the south or the south 

west face of a building. By allowing the sun to heat up the chimney’s skin, (see Figure 

1-11) air exhaust increases in the chimney’s structure. (Renewable energy sources, 

1994; Allard and Chiaus, 2005 ). 
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Figure 1- 11: solar chimneys 

Source: Green builder, 2008 

22..77..22..22  Double-Skin Façade  

In Building with double skin facade as can be seen in Figure 1-12 the building’s 

construction consists two layers. First one is the usual concrete or glass structure which 

covers with second layer of glass (Allard and Chiaus, 2005). 

 

Figure 1- 12: building with double skin façade 

Source: Sustaining towers, 2004 

 

The central layer can be worked as the insulation layer in the building and decreases 

heat lost in the winter and heat gain in the summer. If such a structure is accompanied 

with the ventilation of the central layer, the efficiency of system increases considerably. 

For example, by using a window in the inner side of the wall fresh air can enter from 
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the buffer zone into the building. Furthermore, applying a double skin façade in the 

building has advantages of providing sound insulation, protecting building’s skin from 

rain and wind and providing sufficient safety for natural and night ventilation. 

 

2.7.3  Both wind and solar assisted devices 

In such devices for ventilation purposes wind can enter the building from the windward 

side and exhaust air from the leeward side. In addition, the stack effect accompanies the 

ventilation at the same time, and when there is not enough wind, stack effect only helps 

to run natural ventilation in the building. This principle is used in applications such as 

stack ducts and wind-catchers. 

22..77..33..11  Stack duct  

Stack ducts mostly have been used to introduce fresh air to the building and in the 

absence of wind, its stack effect helps to exhaust hot and used air from the building via 

the stack duct (Baker N, 2000). As can be seen in Figure 1-13 (Allard and Chiaus, 

2005). There are three main design of stack duct in the market. Via single ducts 

pollution, noise and fire can be easily spread in the building and for these reasons 

applying the single duct is not recommended. Individual duct are more recommended 

but they need more space and more expensive in comparison to shunt duct. 

 

 

Figure 1- 13: Stack duct 

Source: Allard  and Chiaus, 2005 
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22..77..33..22  Wind tower  

A wind tower is a vertical duct with an opening on top of the duct, located above the 

building. This structure creates positive pressure area in one side and creates a negative 

pressure fields on the other side. Wind towers exhaust the indoor air to outdoors to the 

negative pressure zone. The design of wind towers range from the simple vertical duct 

to the more complicated movable unidirectional duct (CIBSE, 1997; Battle McCarthy 

Consulting Engineers 1999). 

22..77..33..33  Wind scoop 

A wind scoops is used to catch fresh air and conduct it into the building. It is placed in 

the high pressure zone. Wind scoop should be movable because fixed wind scoop 

become useless if the wind direction changes; in this case the wind scoop transforms to 

the wind tower and sucks the indoor air instead of introducing outdoor fresh air in to the 

building. Wind scoops usually are applied in open plan area (CIBSE, 1997; Battle 

McCarthy Consulting Engineers 1999). 

 

 

22..77..33..44  Wind-catcher 

Wind-catchers are usually located on the roof of buildings to take advantage of more 

wind speed and less polluted air, on the higher area. In windy times, the wind-catchers 

collect air from the wind ward side of the wind-catcher’s structure and extracts hot and 

polluted air from the leeward side of wind-catcher’s structure. When the wind velocity 

is insufficient to run the system, wind-catcher acts as a chimney and exhausts indoor air 

to outside. Figure 1-14 shows a traditionally designed wind-catcher in Iran. 

 

Figure 1- 14: traditional wind-catcher in Iran 

Source: Eco friend, 2005  
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As mentioned before wind-catchers can take advantage of both wind and stack effect. 

There is another advantage that makes the wind-catcher different from other types of 

natural ventilation devices, which is, in wind-catcher both the inlet and outlet are 

situated in the same device.  

It should also be declared that, wind-catchers have been used for centuries in the 

Middle East; there are some modern designs of wind-catchers on the market. For 

example in the UK wind-catcher systems are designed and distributed by Monodraught 

Ltd (Allard and Chiaus, 2005). The designs of modern wind-catchers in UK usually are 

based on the design of the square wind-catcher in the Middle-East.  

2.8  Conclusion 

The importance of applying ventilation in buildings has been discussed. According to 

the literature review it seams that, applying natural ventilation strategies instead of 

mechanical ventilation strategies due to harmful effects of mechanical ventilation 

systems on the environment, human health and economics is vital. Many natural 

ventilation strategies and devices have been introduced. Among all those different 

natural ventilation devices, the wind-catcher identified as a unique component. It has 

two main advantages over other types of natural ventilation devices. Firstly, it can get 

an advantage from both wind and stack effect in the same components and secondly, in 

the wind-catcher’s structure, both inlet and outlet are placed in the same device. 

However, as the wind-catcher initially was designed in hot area, applying modern wind-

catchers in other type of climatic condition creates some problems such as heat lost, 

cold draught in winter and inefficiency of the system in hotter times and during time 

when the wind velocity is not enough to run the system (Elmualim, 2003). Therefore, in 

the UK, designers and engineers are not confident enough to apply wind-catcher in the 

buildings (Elmualim, 2003). The importance of applying wind catchers on the one hand 

and its limitations in different climatic condition such as the UK on the other hand 

reveals the requirement of further studies in this field. It is attempted in this study to 

introduce a new type of wind catcher which can be used in the climate condition such 



Chapter1                                                                                                             Introduction 

 

21 

as the UK while benefiting from both traditional and contemporary wind-catcher 

design. 

2.9 Overview of the study 

The study was structured in the following way: 

1. Literature review involving general knowledge about traditional and modern 

wind-catchers and the study of different prediction methods that can be applied for 

further studies. 

2. A computer simulation of an existing wind-catcher to validate the model and give 

general view about the function of contemporary wind-catcher 

3. Investigation of the wind-catcher’s performances under various conditions and 

designs to improve performances. 

4. Comparison of results from different models 

5. Main conclusion and recommendation.
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3  The wind-catcher 

3.1  Introduction  

Currently as a result of the harmful effects of air conditioning systems on the 

environment applying environmentally friendly features has became more popular. 

Environmentally friendly features take advantage of renewable energies, such as wind 

and solar power to run the system. One of those environmentally friendly devices as 

mentioned in the introduction is the wind-catcher. 

Wind-catchers are environmentally friendly and sustainable energy systems which 

traditionally have been used in the Middle East for ventilation and cooling purposes. 

They are only relying on natural forces to provide thermal comfort and fresh air 

(A'zami, 2005). 

Wind-catchers have been used for four main reasons (Roaf, 2005, Abouei, 2006):  

1. Ventilation and providing fresh air for indoor area. 

2. Convective cooling in the buildings where the temperature of indoor area is 

between 25-35° C. 

3. Providing evaporative cooling in hot and arid area where the indoor temperatures 

are higher than 35°C. 

4. Providing night cooling. 

A wind-catcher is a fixed chimney shaped device which is able to act as an air inlet and 

outlet simultaneously and also another advantage of wind-catchers over other 

environmentally friendly devices is that, wind-catchers can benefit from both wind and 

stack effect at the same time (Battle McCarthy Consulting Engineers, 1999). Wind-

catchers have vertical shafts with openings on two, four, six and some times eight sides 

at the top of the shaft to catch the breeze from any direction. Those vertical shafts 

subdivide to several individual shafts by partitions which are placed across each other 

down the full length of the shaft to allow air to enter from one or two sides and exit 

from the other sides (Soflaee and Shokouhian, 2005, Fathi, 1986).  
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Figure  3-1 shows a traditional design of wind-catcher.   

 

Figure  3-1: Skyline of Ardakan, a city which benefits from wind-catcher in the heart of Iran 

Currently new forms of wind-catcher have been applied in the UK. The design of 

contemporary wind-catchers although based on the design of traditional ones, have 

some differences, which will be discussed. As the interest to apply environmentally 

friendly features is increasing, applying wind-catchers in the UK is also becoming 

popular. Some buildings which are using wind-catchers for cooling or ventilation 

purposes in the UK could be listed as follows: (Battle McCarthy Consulting Engineers, 

1999):  

• Bluewater Shopping Centre, Dartford, Kent,  

• Ionica Headquarters , Cambridge,  

• Queens Building, Leicester,  

• Regent Park Health Centre, London 

• Kidderminster College, Kidderminster. 

In 1999 the investigation of Building Research 

Establishment (BRE) proved that this type of 

technology can provide the sufficient ventilation 

rate in a building (BRE, 1999).    Figure  3-2 

(Monodraught, 2006) shows a picture of a 

modern wind-catcher in the UK with circular 

plan. 

   Figure  3-2: A building that benefits from     

circular wind-catcher in the U.K 

             Source: Monodraught,2006 
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3.2 Wind-catcher’s Function 

The function of wind-catchers are the same as other natural ventilation devices and it is 

based on the wind and so-called stack effect which is the result of temperature 

differences. These functions are maximized in the wind-catcher by applying special 

forms of opening and exit.  

Generally it is hard for wind to change its direction, and enter a room through usual 

openings such as windows; a wind-catcher is used to overcome such problems as can 

be seen in Figure  3-3 (Li and Mak, 2007). Wind-catchers have vertical columns which 

help wind to changes its direction and channel it down to the inside of a building (Li 

and Mak, 2007). 

 

Figure  3-3: Air flow in a building with and without a wind-catcher  

Source: Li, 2007, edited by author 

3.2.1  Wind 

Wind creates pressure differences around an obstacle. When wind hits the obstacle (e.g. 

a wind-catcher) the air density in the windward area in comparison to leeward area 

increases. Therefore, positive pressure is made on the windward face of the building 

and the negative pressure forms on the other side of the obstacle (wind-catcher) and 

wind enters from the area with the positive pressure and tends to move to the lower 

pressure zone. In the case of wind-catcher lower pressure zone is located at the bottom 

of the wind-catcher’s shaft, therefore fresh air enters to the building and indoor hot and 

polluted air exhausts to the opposite side of the inlet with higher negative pressure 
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(Bahadori, 1994, Pyrnia, 1981) Figure  3-4 shows the different pressure zones around a 

wind-catcher’s structure. 

 

 

Figure  3-4:  Pressure zones around a wind-catcher (positive pressure zone in windward side and 

negative pressure zone in leeward zone) 

Source: author 

The cooling process in some types of wind-catcher can also be accompanied by 

evaporation (as evaporation is a heat consuming processes). In this type of wind-

catcher, a moisture is located at the bottom of the shaft, and when wind pass over a 

moister, it helps evaporation and absorb ambient heat which help cooling processes.    

 

3.2.2  Stack effect  

The stack effect occurs in wind-catchers due to a density differences between indoor 

and outdoor air. Wherever a breeze passes through the top of a wind-catcher, even if it 

is not felt at the bottom, a pressure gradient forms between top and bottom of the 

column which helps to introduce cooler denser air to the building and exhaust warmer, 

lighter air from wind-catcher’s structure. Furthermore, as there are usually some 

openings in lower level of the building (where denser heavier cool air is located), fresh 

air enters the building from the openings and hotter lighter air exhausts from the top of 

the room (see figure 2-5). (Yaghoubi et al., 1991, Battle McCarthy Consulting 

Engineers, 1999). 
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Figure  3-5: Function of wind-

catcher due to stack effect during 

day time. 

 

During the night the temperature of outdoor area reduces, therefore denser cooler air 

enters to the wind-catcher’s structure. The cooler denser air that enters to the structure 

is mixed with the hot air that have been absorbed by the wind-catcher’s structure and 

building during the day, then mixed hotter air goes up from structure or other opening 

in the building and fresh, cooler air is introduced to the indoor area, this cycle continues 

until the temperature of the wind-catcher’s structure and outdoor temperature become 

equal (Soflaee and Shokouhian, 2005).  For that reason, wind- catcher can benefit from 

this function during the night in the area where the cumulative effect over a 24 hour 

period is quite noticeable (Elmualim, 2006) 

 

 

 

 

 

 

 

 

Figure  3-6: Night cooling in a wind- catcher. 
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During the day when there is no or less wind, the wind-catchers act as solar chimneys. 

And same as a solar chimney wind-catcher increases the air exhaust as a result of 

heating up the wind-catcher’s surface. Furthermore, as wind-catchers creates air 

movement inside the area and the air movement helps with the evaporation of sweat 

from body surfaces, wind-catcher creates more pleasant environment in a very hot time 

of the year (Roaf,1988).  

 

3.3  Wind-catcher types  

Although the type of wind-catcher is affected by the environmental and climatic 

conditions, the basic principle is catching wind and exhausting the indoor air from the 

low pressure zone at the same time (Konya, 1980). Two main types of traditional wind-

catcher can be recognized as follow: 

1.Wind-catcher in hot and humid areas 

2.Wind-catcher in hot and arid areas 

3.3.1 Wind-catcher in hot and humid areas 

 

These types of wind-catchers due to the low power of the wind have relatively large 

openings and short shaft. See           (Ghobadian, 2006). Usually each room has its own 

wind-catcher to provide acceptable indoor air 

quality and thermal comfort. Wind-catchers same 

as other natural ventilation devices can provide air 

movement inside the building which can help 

evaporation of sweat which helps to create 

comfortable environment for the occupants even 

in hotter building (Roaf, 2005). 

Figure  3-7: Wind-catcher in hot and humid area 

 

 

The materials which have been used in the hot and humid area are plaster of lime and 

ashes and mortar plaster. As the materials that have been used in the wind-catcher 
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structure and the wind-catcher surface is white, this helps to reduce the heat and 

radiation absorption (A'zami, 2005). 

In addition, the materials which have been used on the surface of the wind-catcher in 

hot and humid areas help to resist humidity. The cross sectional plan of such wind-

catchers is usually square where the size of the length and the width is equal (A'zami, 

2005). 

3.3.2         Wind-catcher in hot and arid area  

The height of the wind-catchers’ shaft in this environment are higher than those in hot 

and humid climates. The wind- catcher’s column in the hot and arid area comes down 

to the basement where inhabitants usually live (A'zami, 2005). 

The long height of the wind-catcher makes it able to 

catch cooler and fresher air with higher spend and less 

dust at the higher area by increasing the height of the 

shaft as the air temperature decreases when the distance 

from earth increase. The volume of this type, in 

comparison to wind-catcher in the hot and humid areas 

is smaller due to higher wind density in such a climate. 

See  

Figure  3-8. 

Figure  3-8: Traditional wind-catcher 

in hot and arid area, Yazd, Iran 

Source: author 

In most cases in hot and arid regions, when wind enters the room through a wind-

catcher, passes over a stone pond or a fountain at the base of tower to bring the 

humidity in to the building as well as the cool air. In these cases, hot weather helps 

evaporation and increases the cooling effect and relative humidity which leads to lower 

temperature and higher relative humidity (Ghaemmaghami and Mahmoudi, 2005). 

The materials which have been used in the wind-catchers are the same as other 

traditional structures are affected from environmental requirements and the materials 

availability. Wind-catchers in hot and arid areas usually have been built by mud brick 

or the backed brick which is covered internally and externally with plaster of straw to 
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provide the coarse texture and light color to 

reflect solar radiation. In addition, mud brick 

itself is capable to absorbing heat in their 

structure during the day and rejecting those 

absorbed heat during the night (Roaf, 1988, 

Ghaemmaghami and Mahmoudi, 2005). See  

Figure  3-9 (Haji-Qassemi, 2000). 

Figure  3-9:  Wind- catcher in a Yazdi 

house in hot and arid region of Iran 

It should be mention either wind-catcher have been used in hot and arid area or hot 

and humid area  same as other natural ventilation devices usually accompany by 

other parameters to make indoor climate pleasant for occupant. It may have effect 

overall usage of building (Roaf and Nicol 2207), Roaf described the daily thermal 

routine usage of a mud brick houses ventilated by wind- catcher as follow: 

 

In contrast to the Western approach to comfort and design in 

which the individual chooses the climate for a room, the Yazdi 

living in a traditional house selects a room for its climate. Such 

choice and movement around a house during a day constitutes a 

behavioural adjustment that has been an essential adaptive 

strategy evolved by the people of such hot desert regions, enabling 

them to inhabit a seemingly hostile environment with some 

degree of comfort. In the heat of the Yazdi summer, starting out 

from sleeping on the roof, they will migrate to the courtyard, 

which provides shade and relative cool in the morning and, 

thence, to the cellar to rest through the hottest hours of the day. 

Towards evening they will come out into the relative heat of the 

courtyard, which may initially be cooled a little by water thrown 



Chapter 2                                                                                                    The wind-catcher 

 

 33 

on to the hot surfaces, and will then grow cooler as night draws 

near. In late autumn, a different migration occurs, horizontally 

from the shaded north-facing summer wing, to the south-facing 

winter rooms of the courtyard, deliberately warmed by the sun. 

(Roaf, 1988) 

Based on Roaf diary it seams that peple lives in hot climate and users of buildings 

which take advantage wind-catcher  have an active role to adapt and control indoor 

environment.  

3.4 Wind-catcher’s components  

Usually, wind-catchers have rectangular or octagonal cross sectional plan with a 

chimney shaped tower which is subdivided into several shafts by brick partitions. 

This chimney shape device has at least one opening at the top. Wind-catcher’s 

components could be classified into four main groups as follows see  

Figure  3-10: 

 

• Tower 

• Opening  

• Partition 

  

 

 

  

Figure  3-10:  Components of a wind-catcher  

                                                                      Source: author 

3.4.1  Tower 

The tower is the main part of the wind-catcher which is usually located above the 

building to be ventilated and its height depends on the location and the surroundings. 

The tower is divided into two parts: the higher part is where the openings and the vents 

are placed and the lower part of the tower which is called the stalk. The height of the 

stalk is affected by the overall wind-catcher’s height and for aesthetic reasons stalks can 

be decorated (Roaf, 1988). See Figure  3-11. 
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                                                 Decorated shaft 

 

                                   

Figure  3-11: Main parts of a tower in a traditional wind-catcher 

 

3.4.2 Vents/ Opening 

Vents or openings are located in the highest part of the wind-catchers’ column to catch 

fresh and clean air and channel it down into the building. The number of openings 

depends on the wind-catcher’s location and it’s cross sectional area. Square, 

rectangular, hexagonal and octagonal wind-catchers cross sectional plan wind-catchers 

are common. In the modern design of wind-catchers, circular plan wind-catchers are 

also reported.  

• Square wind-catchers have openings on two or four sides of wind-catcher’s 

column which able wind-catcher to catch wind from one, two or four directions. 

• Rectangular wind-catchers include one, two and four sided wind-catchers 

• Hexagonal wind-catchers usually have opening on six sides of the wind-

catcher. 

• Octagonal wind-catchers include eight sided wind-catchers with eight 

openings at the top. 

• Circular wind-catchers usually have four openings. 

It should be mentioned that each side of wind-catcher itself can be contain up to 

twelve individual vents (Roaf, 1982). 

 

Opening  
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3.4.3  Partition  

Partitions in a wind-catcher have been used to divide the wind-catcher’s tower into 

several individual shafts. Wind-catchers with several shafts are capable of absorbing 

fresh and cool air from one side and exhaust hot and used air from other sides and also 

partitions are necessary for structural reasons. Traditionally partitions made from mud 

bricks which have been changed in modern designs. See Figure  3-12. There are two 

main types of partitions as follows: 

 

 

                                         

        Main partition 

 

                                                                                    

                                           Secondary partitions 

 

 

 

 

 

Figure  3-12: Partitions in traditional wind-catcher 

Source: Adapted from Roaf, 1988. 

 

33..44..33..11  Main partition 

 Main partitions come down in to the full length of tower to subdivide wind-catchers 

into two, four, six or eighth vertical shafts (Ghaemmaghami and Mahmoudi, 2005) they 

also allow air to enter and exit at the same time in the wind-catcher’s structure. Main 

partition can be perpendicular, diagonal or “H” shape.  
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33..44..33..22  Secondary partitions 

Secondary partitions have been applied to either improve the wind-catcher’s 

performance or for added structural strength. Secondary partitions are as wide as 

external wall.By creating subdivisions in the wind entrance and exit the air motion will 

be increased as wind enters from the narrower area and consequently the wind velocity 

increases and affects the overall air flow rate (Ghaemmaghami and Mahmoudi, 2005). 

Additionally, applying secondary partitions increases the surface in contact with the hot 

air during day. As such partitions, have been built with high thermal mass mud bricks, 

they absorb the heat of the ambient during the day and exude the stored air to the 

outdoor area during the night time and consequently this processes help to cool down 

the building (Ghaemmaghami and Mahmoudi, 2005). 

In modern design of wind-catchers horizontal louvres have been applied instead of 

vertical secondary partitions in traditional ones. 

 

 

3.5 Structure  

To erect a wind-catcher traditionally, a wooden 

frame was built which is covered by mud bricks. 

And then bricked mud main partitions were built 

inside full length of the wind-catcher’s structure 

to support the structure (Ghaemmaghami and 

Mahmoudi, 2005). See Figure 3-13. 

 

Figure 3-13: Wind-catcher’s structure 

                 Source: Roaf 1988 

In addition to support the wind-catcher’s structure, the horizontal wooden beams were 

used at different levels of the wind-catcher’s tower. Such beams as can be seen in 

Figure  3-14   (Ghaemmagham, 2005) are coming out from the wind-catcher to create a 

ladder for easier access to the higher area of the wind-catcher for erection and 

maintenance. In addition, Roaf believes that these beams increase the shear resistance 
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of the wind-catcher’s tower which could affect the wind-catchers’ performances (Roaf, 

1988). 

 

   

Figure  3-14 : Beams come out from wind-catcher structure 

Source: Author  

 

In higher areas, most of the time vertical partitions (secondary partitions) are used to 

support the open area of wind-catcher (openings and vent). Vents can be decorated by 

different forms of arches. These arch shaped decorations do apply neither for functional 

reasons nor for structural reasons. Finally, at the top of the wind-catcher brick rows are 

applied which is built to provide the shade for wind-catcher and also to provide 

protection against rain. (Roaf, 1988). 

3.6 Wind-catcher’s efficiency  

As mentioned previously the performances of a wind-catcher depends on the wind and 

temperature difference so the efficiency of the wind-catcher depends on maximising the 

pressure difference between inlet and outlet (Battle McCarthy Consulting Engineers, 

1999) and temperature difference between inside and outside of wind-catcher’s 

structure and inside and outside of the building. Therefore the following parameters can 

be counted as the effective parameters on wind-catcher’s performances. 

• Height 

• Cross sectional plan 

• The orientation of the tower 

• The location of outlets and inlets 
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3.6.1  Height  

There is a direct relationship between the height, wind speed and air temperature. By 

increasing the structure’s height wind resistance from the ground surface will be 

decrease therefore, wind speeds in upper area increases. In addition, air temperature 

decreases in the higher area as a result of distance between the air around the top part of 

wind-catcher and the warm ground area air. Hence, the height of wind-catchers affects 

the wind speed and wind temperature which is taken into the building by the wind-

catcher’s vents. Badran in 2003 proved that there is a direct relationship between the 

wind-catcher’s height and its performances (Badran, 2003). Moreover, at a higher area 

the wind-catcher can benefit from the less polluted air.  

However, as internal partitions in wind-catcher have been built with thick brick which 

stand on the wind-catcher’ sides and are supported with the timber frames, the height of 

wind-catcher structure is restricted.  

Generally the height of traditional wind-catcher is between 1.5 to 32 m from the ground 

(Montazeri and Azizian, 2008) and 60 % of the wind-catchers have less than 3 meters 

height and only 15 % of wind-catchers are more than 5 meters. 

3.6.2 Cross sectional plan 

The size and form of the cross sectional plan areas of shafts influence the total volume 

of air and the speed of wind which is passing down from wind-catcher’s shape. There is 

a relationship between the size of the cross sectional areas of the shaft and the 

efficiency of a wind-catcher. By increasing the size of the shaft on the one hand as the 

total opening area increase the total amount of air introduced to the building also 

increase and help to run the system, on the other hand by increasing the size of cross 

sectional area as the air space increase, due to the Bernoulli Effect, velocity of air 

travelling down can be slowed and thus the overall airflow rate which is introduced to 

the room is decreased. Therefore any time a wind-catcher is designed these two 

parameters should be considered at the same time. 

The number of openings in the wind-catcher is affected by the cross sectional plan, the 

number of openings on different sides of wind-catcher, enabled the wind-catcher to 

catch breeze from different directions. therefore, the form of the wind-catcher’s cross 
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sectional plan also affects the efficiency of system. Usually wind-catchers are classified 

based on the number of openings and as mentioned in the section 2.4.2 (Montazeri and 

Azizian, 2008)there is following classification of wind-catcher based on it’s cross 

sectional plan. 

• Single sided  opening wind-catcher (unidirectional) : 

The plan of this type of wind-catcher is rectangular or square. Single sided wind-

catchers are applied in areas where black and dusty wind blows from specific 

directions. These wind-catchers only have one opening to the direction of less dusty 

wind. In cities such as Ardakan, Meybod, Mahan and Bam single sided wind-catcher 

can be found (A'zami, 2005). Only 3% of the Iranian wind-catchers are unidirectional 

(Ghaemmaghami and Mahmoudi, 2005). The opening of single side wind-catchers 

usually have one to seven vents. See Figure  3-15 (Ghaemmaghami and Mahmoudi, 

2005) 

 

 

Figure  3-15: Typical plan of single sided wind-catcher 

Source: Roaf 1988 

 

• Two-sided wind-catcher: 

 Same as previous type of wind-catcher, the cross sectional plan of such wind-catchers 

are rectangular or square. Two sided wind-catchers have openings on two opposite 

sides and one vertical main partition divided the wind-catcher column into the two 

separate columns; two sided wind-catchers usually have one to 15 vents on each side 

(Roaf, 1988). Such wind-catchers usually have been used on the top of water-reservoir. 

See Figure  3-16  (Ghaemmaghami and Mahmoudi, 2005). 

 

Figure  3-16:  Typical plan of two sided wind-catcher 

Source: Roaf 1988 
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• Three-sided wind-catcher: 

Applying this type of wind-catcher is not common although some of them have been 

reported in Tabas in Iran (Ghobadian, 2006) 

• Four sided wind-catcher:  

This type of wind-catcher is the most common type of the wind-catcher (more than half 

of wind-catcher in hot and arid area, all of the wind-catcher in hot and humid areas and 

most of modern wind-catcher in the UK) (Ghaemmaghami and Mahmoudi, 2005). The 

plan could be square or rectangular. In design of rectangular wind-catchers bigger side 

faces to the prevailing wind and usually the ratio of length to width is 1 to 2 (A'zami, 

2005). If the square plan wind-catcher is applied usually two main partitions divided 

the column into the four individual vertical columns. The choice of wind-catcher with 

rectangular or square plan depends on the size of the room and the personal preference 

of the owners (Roaf, 1988). The maximum number of vent on each side of four sided 

square plan wind-catcher is reported as 6 and the number of vents in the wind-catcher 

with rectangular plan is between one to 15 (Roaf, 1988). See Figure  3-17 

(Ghaemmaghami and Mahmoudi, 2005). 

 

Figure  3-17: Typical plan of four sided wind-catcher 

Source: Roaf 1988 

• Hexahedral and octahedral wind-catchers: 

The plans of such wind-catchers are hexahedral or octahedral and consist from six to 

eight individual triangular shape shafts. They are able to catch wind from any 6 or 8 

sides. See Figure  3-18.  

 

Figure  3-18:  Typical plan of six and eight sided wind-catcher 

Source: Roaf 1988 
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• Circular wind-catchers: this form of wind-catcher has not been reported in the 

traditional design of wind-catcher but in the modern designs some of them have been 

produced. These types of wind-catcher usually consist from 4 individual columns. 

 

Research of Elmualim in 2003 shows that the performance of a wind-catcher depends 

on the form of wind-catches’ cross sectional plan (Elmualim, 2003). Square plan wind-

catchers as provide sharper edge is more efficient in comparison to the performances of 

circular plan ones. This research was followed by (Gage and Graham, 2000)which 

indicate that the hexagonal plan wind-catcher has more predictive performance and as 

hexagonal wind-catcher are able to catch wind from various directions it works better 

than the square wind-catcher. 

 

3.6.3 The orientation of the tower 

 As the direction of blowing prevailing wind depends on the orientation, the orientation 

of a wind-catcher’s tower affects wind-catchers’ performances. For this reason the 

orientation of the wind-catcher mainly depends on the direction of the prevailing wind 

blast and the orientation of wind-catcher is different in different areas (A'zami, 2005). 

For example in some regions black and dusty winds blow from a specific orientation 

which lead to using one sided or two sided wind-catcher in those areas while wind-

catchers with four to eight sides opening are able to catch prevailing wind from any 

direction and consequently can introduce higher amount of wind into the building. 

 

3.6.4 The location of outlets and inlets 

The effectiveness of wind-catchers is dependant upon the maximum pressure 

differences between inlet and outlet (Battle McCarthy Consulting Engineers, 1999), so 

if the inlet is located at the highest pressure zone and the outlet is located in the lowest 

pressure zone the performance of wind-catcher improves. 

 

 



Chapter 2                                                                                                    The wind-catcher 

 

 42 

3.7  Modern and traditional wind-catcher 

Modern designs of wind-catcher take advantage of traditional wind-catchers’ principle 

and adapt and improves them into the modern wind-catcher. In the modern wind-

catcher same as the traditional one, outlet and inlet have been placed in the same 

features which are allows 

the system to introduce 

fresh air and exhaust 

polluted air in the same 

time. See Figure 2-19 

(Monodraught, 2003). 

                                                       Figure  3-19:  Modern wind-catcher 

 Source: Mounodraught, 2003 

There are two main group of differences can be identified as reasons of the differences 

between traditional and modern wind-catchers. See Figure  3-20.  

 

 

Figure  3-20:  Differences between traditional and modern wind-catcher 
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The first group of differences arise from technology availability. Such technologies 

including control devices or acoustic materials which did not exist during the time 

traditional wind-catchers were designed. Indeed the first group of differences enhance 

the traditional design. The second group of differences such as height differences and 

the form of the louvres are the outcome of environment and climate differences. 

However, the outcomes of the second group could affect the performance of wind-

catchers.  

The differences between traditional and modern wind-catcher can be listed as follow: 

3.7.1 Control devices 

 In traditional wind-catcher hatches were the only control devices for users but the 

modern design of wind-catcher provides more possibility for users to control the wind-

catchers. In the modern systems three main type of control devices have been applied. 

• Automatic control: such devices have sensibility to temperature, CO2, air 

quality and air humidity and according to the users’ requirement the wind-catcher’s 

control devices can be set. 

• Manual control: manual control devices act the same as traditional one. There is 

a damper at the ceiling level and provide the manual control for users. 

• Positioner control: positioner control, control indoor air by applying a dial.  For 

example users set the dial to the 20ºC in this case damper automatically open to allow 

air enters the room until indoor air temperature reach to 20ºC. 

3.7.2 Noise transmission:  

By entering air from outdoor in natural ventilation devices, noise also enters. In the 

wind-catcher usually openings are located at higher areas so it is less likely traffic or 

outdoor noise enters into the building. However in the modern design of wind-catcher 

as can be seen in Figure  3-21 (Monodraught, 2006) by applying acoustic lining in to the 

air paths, modern wind-catchers become more insulated against outdoor noise in 

comparison to the traditional wind-catchers. 
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Figure  3-21: Acoustic matters inside wind-catcher’s structure 

Source: Monodraught, 2006 

3.7.3 Auxiliary tools  

In some form of modern designs the wind-catcher’s structure is accompany with 

auxiliary tools such as a fan or water supply to improve wind-catcher’s performances. 

(See Figure  3-22) 

 

 

 

Figure  3-22:  Combination of wind-catcher, sun-pipe and fan in a component  

Source: Monodraught, 2006 
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3.7.4 Height 

Due to economic and aesthetic reasons the height of modern wind-catchers in the UK is 

less than the height of wind-catcher in the Middle East. Therefore they are less likely to 

benefit from stack effect. (Harwood, 1998).  In addition in modern cities applying low 

level openings in polluted, noisy and crowded area is critical while in traditional 

buildings with wind-catcher, low level opening such as windows or door are applied to 

help maximizing stack effect. Therefore the performances of those shorter modern 

wind-catchers are less likely to take advantage of temperature differences in 

comparison to traditional ones (Gage and Graham, 2000) 

 

3.7.5 Reliance on night cooling 

As the temperature difference between day and night in the UK climate is small, 

modern wind-catchers in UK have less possibility to take advantage of night cooling 

(Harwood, 1998). However, in summer time a volume control damper is applied to 

allow fresh air to enter the room during night time. 

 

3.7.6 Material 

The materials that have been used in the modern design of wind-catcher are thin plastic 

and metal sheets 

On the one hand as can be seen in Figure  3-23 the materials used in modern wind-

catchers are lighter than traditional ones and as usually 3ply glass fibre with Class 0 fire 

retardant resin has been used in modern designs (Monodraught, 2003). They have a 

better protection against fire. On the other hand, as thick brick with higher thermal 

capacity have been used in traditional design, higher amount of heat could be absorbed 

by traditional structures during hot days. 
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Figure  3-23: Materials used in traditional and modern wind-catchers. 

 

3.7.7  Form of louvres  

The form of the wind-catcher’s louvres is highly affected by climate situation. In 

traditional design of wind-catchers, as usually they have been used in the hot and dry 

area, wind-catchers have big vertical vents. However as in the UK rain plays a very 

significant role on architecture, modern wind-catchers in the UK have several oblique 

horizontal louvres which could affect the wind-catcher’s performance. 

 

3.8 Existing research about wind-catchers: 

Much research has been undertaken with regards to the ability of wind-catchers to 

provide natural ventilation and cooling in hot and arid areas. However, there is a lack of 

research in other types of climates. For example, Bahadori in 1985 has conducted 

Traditional 
Wind-

catcher 

 

Material 

Modern 

Wind-
catcher 

 

• Thin plastic 

• Metal sheet 

• Brick  

• Baked brick  

• Plaster of clay 

and straw 

• Plaster of lime 

and ashes and 

mortar plaster 

• Wooden 

structure   

• Lighter and more compact 

modern wind-catchers 

• Higher thermal mass in 

traditional wind-catchers 
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research on the wind-catcher as a passive cooling system which only relies on natural 

forces of wind and the buoyancy effect of warm air. According by his findings shows 

that a wind-catcher can be accompanied with air moisturising in hot and arid areas 

especially when there is not enough wind to provide humidity in the building. 

According to Bahadori, 1985 the disadvantage of applying wind-catchers is that, it 

allows dust, insects, small birds and hail to enter buildings. In addition, the wind speed 

affects wind-catcher’s performance and in areas with low wind speeds, wind-catchers 

become inefficient. 

In 1994 Bahadori, by creating a small scale wind-catcher (1:100) model connected to a 

building in a wind tunnel, determined that it is essential to know air flow and pressure 

distribution around a building to estimate the ventilation rate inside the building 

(Bahadori, 1994).  

Karakastians et al (1986) carried out a wind tunnel test to find the relationship between 

airflow rate and pressure coefficient. By setting up a small-scale model of a wind-

catcher connected to a house with a court yard. The test revealed that the airflow rate 

from the wind-catcher was affected by the pressure coefficient at the house’s opening 

and so the efficiency of the system is improved by applying shading (Karakatsanis et 

al., 1986). 

In 1994 Bansal et al combined a wind-tower and solar chimney for the purpose of 

ventilation and claimed that this system could be applied in buildings to provide natural 

ventilation (Bansal et al., 1994). 

Sharag-Eldin research in 1994 revealed that, as a wind-catcher is a fixed component it 

does not need maintenance in its life time. In addition as wind-catchers usually placed 

in higher areas they can benefit from cleaner and fresher air.Also according to CFD 

simulations of Aboulnaga and Alteraifu (1998), a wind-catcher system can be applied 

to take advantage of night time ventilation. (Sharag-Eldin, 1994, Abounaga and 

Alteraifu, 1998) 

Harris et al (1996) investigated the ventilation rate of wind-catchers by applying two 

different methods _tracer gas technique (sulphur hexafluoride) and anemometer 

measurement. The results show disagreement between the two research methods. 

(Harris and Webb, 1996) 
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(Yaghoubi et al., 1991), (Farija, 1996) and (Badran, 2003) studied the performance of 

wind-catchers in houses in different hot countries  

(Ni Rian et al., 1999) monitored the performance of wind-catchers in three real 

buildings by applying tracer gas analysis and this research shows that wind-towers were 

effective in providing air circulation in buildings.  

(Elmualim and Awbi, 2002a, Elmualim, 2003), by comparing experimental and 

numerical results, found wind tunnel testing and CFD together are vital in terms of 

analysing the performance of a wind-catchers. In addition they have find that in the 

examined wind-catcher during the time outdoor wind velocity is less than 3 m/s, wind-

catcher can not provide sufficient fresh air for ventilation purposes. Also, (Elmualim, 

2003) investigated the effect of a combination of a wind-catcher and light-pipe in the 

same device on ventilation, day lighting heating of the buildings. 

By creating a scale model of a wind-catcher Gage and Graham, 2000 examined and 

compared the performances of a wind-catcher with square and hexahedral plans and 

concluded that hexahedral wind-catchers have more predictable and reliable 

performances. 

(Elmualim, 2003) carried out wind tunnel tests and CFD modelling to compare the 

performance of a wind-catcher with square and circular plans. This research revealed 

that the performance of a square plan wind-catcher is considerably better than circular 

plan wind-catcher due to a larger area of flow separation and higher pressure 

differences on the sharper edges of square wind-catchers. 

Whereby, (Sami, 2003) by creating a CFD model of a wind-catcher connected to a 

room which is next to a courtyard, examined wind-catcher’s performance under 

different conditions of wind speed and evaporative cooling.  

(Elmualim, 2003) ran a CFD model of a square wind-catcher to examine the 

relationship between air flow rate and external wind velocity upon different wind 

angles Li and Mak, 2007 made a three dimensional CFD model of wind-catcher to 

investigate the performance of wind-catcher under different wind speed and wind 

direction. Both studies prove that wind-catcher’s performance depends on wind speed 

and as wind speed increases, the wind-catcher’s performances improve with the best 

direction of wind being face on wind-catcher is 0 º.  
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(Elmualim, 2006) also investigated the post occupancy performance of a building 

ventilated by a wind-catcher. The results show that there is a better ventilation rate in 

buildings ventilated by a wind-catcher in comparison to a building ventilated with the 

same size of windows. 

 Yuehong et al., 2008 studied the performance of a circular plan Monodraghut wind-

catcher by applying both experimental and CFD techniques. The results reveal that 

wind-catchers perform better when installed on a pitched roof, as a pitched roof 

provides larger flow separation region in comparison to the flat roof. In addition this 

study shows the effect of the stack effect in the UK when the wind velocity is low is 

low. 

 (Montazeri and Azizian, 2008) investigated the performance of a single side wind-

catcher through a wind tunnel test. 

(Hughes and Ghani, 2008) investigated the performance of wind-catcher under various 

wind-direction and wind velocity in order to provide recommended amount of fresh air 

to the building. The results show wind-catchers can provide acceptable amount of fresh 

air to the building even if the outdoor wind velocity is low. However, this research did 

not investigate the ability of wind-catcher to provide acceptable thermal comfort for 

occupants.   

Hughes and Ghani, 2009 by applying a CFD model studied the optimum angle of 

damper at the air entry to the room. The simulation shows the optimum angle of 

damper is ranged between 45º- 55º for the UK environment with average 4.5 m/s wind 

speed. 

3.9 Research description 

As mention in the introduction the problems which are associated with applying the 

wind-catcher in modern buildings are heat lost in winter, and inefficiency of system to 

providing acceptable amount of fresh air in summer. To overcome heat lost modern 

wind-catchers are equipped with dampers and some research has been done to optimise 

the angle and the size of dampers by (Hughes and Ghani, 2009). However, it seams that 

little research has been done to increase the total amount of air entering to the room. In 

modern wind-catchers to increase the total amount of fresh air introduce to the building, 
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usually the size and the number of wind-catchers are increased. As air enters a wind-

catcher through louvres, the form and size of louvres have a direct influence on the 

efficiency of system. As mentioned before, the form of the louvres is one of those main 

differences between traditional and modern wind-catcher.   

Modern wind-catchers take advantage of louvres instead of vertical secondary 

partitions in traditional ones. See Figure  3-24.  

 

                       

Figure  3-24: Traditional (left) and modern (right) wind-catcher 

 

Although modern horizontal louvres provide better protection against rain, dust, birds, 

and increase the security of buildings, they can affect the efficiency of the system. In 

this study it is attempted to compare the effects of applying vertical and horizontal 

louvres on wind-catchers performances and also introducing new forms of opening 

which are combination of those traditional and modern wind-catchers.  

As the physical processes which are involved in natural ventilation are complicated, 

applying a predictive model for further studies is necessary. Therefore, in the next 

chapter common prediction techniques will be introduced to choose a suitable 

prediction method for further studies and compare the effects of applying vertical and 

horizontal louvres on wind-catcher’s performance. 
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4 Prediction and measurement techniques in terms of natural 

ventilation 

4.1  Introduction  

The harmful effects of applying mechanical ventilation systems on the environment and 

on human health are increasing the interest in the use of natural ventilation systems.  

Complicated physical processes which are involved in natural ventilation forces designers 

to apply prediction methods to predict and calculate natural ventilation in a building. 

Wide ranges of prediction and calculation methods are available to predict, calculate and 

study air flows in general as well as natural ventilation and air flow inside a building. 

Applying such methods are necessary in order to evaluate and predict the performance of 

natural ventilation, especially as field tests are unaffordable and require lots of time. 

Furthermore, using different prediction methods provide a better understanding of 

ventilation and help to improve the design of natural ventilation tools such as wind-

catchers. Prediction methods could be sub-divided in to two main categories; Theoretical 

based methods and experimental (physical) based methods (Allard, 1998, CIBSE, 1997). 

It should be mentioned that usually the validity of theoretical methods are checked with 

the experimental tools. In this chapter different prediction methods which involve 

theoretical and experimental methods will be examined (CIBSE, 1997). 

4.2 Theoretical methods 

Theoretical methods are based on mathematical models. The basic rule in all prediction 

techniques is the law of conservation of mass, which means that the total inflow should 

be equal to the total out flow for each space (CIBSE, 1997). 

Theoretical based methods range from simple to sophisticated techniques. There are four 

types of  theoretical solutions that can be applied to describe the air flow and in case of 

natural ventilation as follows (Awbi, 1991, Allard, 1998): 

1. Empirical models. 

2. Network models. 
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3. Zonal models. 

4. CFD models. 

4.2.1 Empirical models 

Empirical models provide a general description of the air flow rate or air velocity in a 

single zoned building. Air flow can be calculated manually and does not require 

computer effort. The choice of an empirical model depends on the natural ventilation 

strategies that have been used in the building and available building data.  These models 

are not useful for zonal air flow where the flow mixes from different inlets to many 

outlets. Empirical models are usually applied in the early stage of design to estimate the 

airflow rate or mean air velocity. After finding the required air flow rate for the purpose 

of ventilation in a building, by using an empirical model, the size of opening can be 

estimated as well, and in addition these methods can be applied for sizing heating or 

cooling systems. 

The following empirical models are common in order to predict airflow rates in building. 

It should be mentioned that these methods are developed based on empirical data and in 

the following part only some well-known models will be described. (Allard, 1998, 

CIBSE, 1997) 

44..22..11..11  The British Standard Method: 

This model suggests formulas to estimate the air infiltration and ventilation in single-

sided and cross-ventilation buildings. In this method all internal divisions have been 

ignored and a two directional flow is assumed to blow through a building and some 

formula (as can be seen in following section) for different situations and different air flow 

pattern are proposed (British Standard, 1980, Awbi, 1991). 
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Formula for single sided ventilation  

a. ventilation due to wind                          

AVQ 025.0=                                                                   ( 4-1) 

Where A is the opening surface and                       

V is the wind velocity. 

 

 

b. ventilation due to temperature difference  

      with two openings                                                                                                                                                                       1/2                               
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Where 
dC  is the discharge coefficient 

c. ventilation due to temperature difference 

 with one opening 
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Table  4-1: The BS formula for single sided ventilation 
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Formula for cross ventilation 

a. ventilation due to wind only: 

 

( ) ( )2

43

2

21

2

111

AAAAA

CpVACQ

w

wdw

+
+

+
=

∆=

               ( 4-4) 
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b. ventilation due to wind and 

temperature difference: 
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Table  4-2: The BS formula for cross ventilation 

44..22..11..22  The ASHRAE methods 

To find the air flow rate through this method it is necessary to know the total effective 

leakage area of the building, which can be established through pressurization/ 

depressurization techniques or evaluated from specific table published by (ASHRAE 
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1985). According to this method, the bulk air flow rate, Q, in a single-zone building is 

(ASHRAE 1985, Awbi, 1991): 

 

2

metbUTaAQ +∆=      )( 13 −hm                                                                                          ( 4-7) 

      Where 

A is the total effective leakage area of the building (m²) 

a  is the stack coefficient ( 1426 −−−
Kcmhm ) 

The value of coefficient (a) specify according to the number of building’s storey: 

a= 0.00188 fore one storey buildings 

a= 0.00376 for two storey buildings   

a= 0.00564 for three story buildings. 

b is the wind coefficient ( 4224 −− cmhsm ) 

The value of coefficient (b) (wind coefficient) as can be seen in table 1 depends on the 

number of story that the building has and the local building’s shielding class 

Numbers of Storeys Shielding class 

1 2 3 

No obstructions 0.00413 0.00544 0.00640 

High local shielding 0.00319 0.00421 0.00495 

Moderate local shielding 0.00226 0.00299 0.00351 

Heavy shielding 0.00135 0.00178 0.00209 

Very heavy shielding 0.00041 0.00054 0.00063 

 

Table  4-3: Coefficient b for various building heights and local shielding classes 

T∆  is the average indoor-outdoor temperature difference (K) 

Umet   is the meteorological wind speed (ms� ¹)    

44..22..11..33   The De Gidds and Phaff method 

The De Gidds and Phaff method estimates the ventilation rate (Q) through an opening 

which creates a temperature difference and wind velocity. For single sided ventilation for 

a building an effective velocity, effU  refers to the flow which passes through half a 
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window opening. In general the effective velocity is defined as (De Gidds and Phaff, 

1982): 

)(
2

2/
trubstackwindeff ppp

gA

Q
U ∆+∆+∆==                                                          ( 4-8) 

 

Leading to the form: 

 

 U eff  = Q   =       C1 U² met+ C2 H ∆T+C3n                                                                                                                                    ( 4-9)                        

        A/2         

 

Where U² met is the meteorological wind velocity, H is the vertical size of the opening, C1 

is a dimensional coefficient depending on the wind, C2 is a boundary constant and C3is a 

turbulence constant.  

4.2.2 Network models 

The principle of Empirical models is based on formula which can only provide an 

estimation of bulk flow rates in a building. The network models subdivide a building to 

the number of area which is assumed to be well mixed to predict airflow rate in multi 

zone buildings. In this method a building is seen as a grid in which rooms or zones are 

represented by nodes and the connection between two nodes creates a flow path linking 

their respective nodes. Therefore, the openings are represented by linking flow path and 

consequently interaction between interior and exterior is signified by flow path linking 

interior with exterior nodes (Allard, 1998, Allard and Chiaus, 2005, Jones, 1997). See 

Figure  4-1. 
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Figure  4-1: Network representation of a multi-zone building 

Source: Allard, 2005 

 

The value of air flow rate in a building via its openings depends on the pressure 

difference between the indoors and outdoors and as usually the pressure value of exterior 

nodes are known or can be estimated through climatic conditions so with this model the 

value of the interior pressure value can be estimated (Allard, 1998, Awbi, 1991). 

In the network models a building with N zones is seen as a network with N pressure 

nodes which could be connected to exterior nodes with known pressure, or connected 

only to interior nodes and their pressure as mentioned before are unknown. Unknown 

pressure can be calculated through equation of mass equation at each node (Allard, 1998, 

Awbi, 1991). In the network model the air flow rate in each zone can be calculated by 

applying the mass flow balance equation for j flow paths as follows (CIBSE, 1997): 

0
1

=∑
=

j

i

iiQρ                                                                                                               ( 4-10)                                                

Where: 

=iQ  Volumetric flow rate through ith path (m³/s) 

iρ = density of air flow through ith path (kg/m³) 

 The flow between each connected node can be calculated by equation 3-11 as follow 

(Awbi 1991): 

 in

iii pkQ )(∆=                                                                                                         ( 4-11) 

Where: 
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i = the ith flow path in network 

k = flow coefficient m³/s Pa 

4.2.3  Zonal models: 

Zonal models are established by extending the concept of the network model. Although 

this model is similar to the network model and pressure nodes inside a building can be 

calculated, this model is not restricted to predict air flow rate (Jones, 1997) 

As the indoor comfort condition is affected by indoor distribution of temperature, 

humidity and air movement applying new methods of prediction is necessary to predict 

temperature and airflow. Zonal and CFD models are two prediction models that can be 

applied to predict the above parameters (Allard, 1998).   

The principles of zonal models are based on: 

• Subdividing the zone into several areas. 

• Calculation of the mass and energy conservation equations and also momentum 

equations or identification of the main flows in each subzone. 

Initially the momentum equation is not formulated. Therefore mass and energy 

conservation equations are set up in each subzone. As all subzones are linked by inter 

zonal airflow rate, the numbers of unknowns are more than the number of equations. 

Hence to find the value of unknown parameters two approaches of temperature and 

pressure model can be distinguished (Allard, 1998).  

 If the temperature model is used it is necessary to know an air movement pattern inside 

the building because in this model an air movement pattern inside a building is 

imposed. A description of air movement inside the building is impossible without 

experimental studies or results from a more detailed model so using a temperature 

model for geometrical constructions is not achieved easily (Allard, 1998). 

 When pressure models are applied simple equations of missing momentum added as 

additional equations and generally Bernoulli-like air flow can be used. Pressure models 

are simpler and more comprehensive than temperature models as in this model it is not 

necessary to define a prior air flow pattern inside the building (Allard, 1998).  
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It should be mentioned that Zonal models such as HTB2-VENT are computer based 

models and can be applied to predict flow and temperature pattern inside buildings 

(Jones, 1997). 

4.2.4 Computational fluid dynamics (CFD) 

Computational fluid dynamics (CFD) are 3- dimensional prediction models. These are 

computer software which can be applied to predict air movement and ventilation inside 

and around a building. Internal temperature and internal air distribution, pressure 

boundaries, velocity field and pressure field are the information that can also be 

estimated by CFD. It should be mentioned that as the driving forces which are involved 

in the process of natural ventilation are different and the extension of computations 

over the time, CFD provides a snap shot of information in the simulated area. 

In the CFD set up, the field is subdivided into several grids and the partial differential 

equations governing a flow field (e.g.: velocities, temperature pressure etc) is solved at 

all points of the field (Etheridge and Sandberg, 1996). In terms of ventilation usually a 

solution will be provided for the Reynolds-averaged Navier stoks equations, namely, 

the mass, the momentum and energy conservation equation for all those subdivisions. 

Therefore, the average value of velocity, temperature, pressure and etc for turbulence 

flow will be predicted (Jones, 1997, CIBSE, 1997, Allard, 1998). 

There are many CFD commercial codes such as Phoenics, CFX, Flovent, and Vortex 

that can be used to predict air movement temperature distribution, velocity and 

pressure.  
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44..22..44..11   Governing equation of Computational fluid dynamics (CFD) 

Governing equations of motion on CFD modelling is based on (Allard, 1998): 

• Continuity equation 
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• momentum equations                                           
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 Again it should be mentioned that the solution for above equations will be provided at 

all points of three or two dimensional grids. The two or three dimensional grids are 

representing the investigated building or construction and its surroundings. Unknown
 

pressure and velocity components refer to boundary and initial conditions so accuracy 

of CFD results strongly depend on initial and boundary conditions. In addition the 

accuracy of CFD results is affected by grid density of the simulated area and also users’ 

experience (Allard, 1998, Anderson and John, 1995, Jones, 1997). 

44..22..44..22  The CFD model set up 

Before starting to set up a CFD model for any problem it is necessary to specify the 

extent of the models domain, boundary and initial conditions. The domain is the 

physical space in which the equation will be solved. The size of the domain could affect 

the results of the simulation for example if the domain is defined too small the domain 
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can affect the flow and interfere with the results. On the other hand defining a big 

domain will lead to time consuming processes. There is no rule about how to size the 

domain and it is highly dependant on the specification of the problem and it is affected 

by boundary conditions. Following this it is necessary to specify how to mesh the 

domain area and then the initial condition, should be specified (Anderson and John, 

1995). 

In CFD, the equations are solved over a collection of individual cells. A grid is the 

arrangement of these cell points which creates the mesh in the domain. The way in 

which such a grid is determined is known as grid generation (Anderson and John, 1995, 

Elmualim, 2003). Most CFD codes have a mesh generator package. Such packages 

provide the opportunity to set the geometry as a wire frame and then the number of 

cells in each region can be specified. The density of grids (number of cells) in each 

coordination affects the overall accuracy of results. Generally the number of cells 

results from the nature of model. For example, if the area with a large gradient is 

simulated, the model requires more density in comparison to the area with flat surface. 

There is not a general rule to specify the size of cells but usually when a model is 

simulated in CFD, attempts are made to find the results independent from the grid size 

which means that a group of models is made with the same condition except the size of 

grid. Then a variable such as velocity or pressure is compared with each other in each 

model. The results are proved independent from grid size if the results remain the same 

in each model. Finally the smaller grid size is chosen as the grid size of model. This act 

will help to save time and computer effort (Anderson and John, 1995, He, 1999, 

Elmualim, 2003). 

44..22..44..33  Boundary and initial condition:  

The boundary condition is the physical condition in which the flow is constrained and 

the initial condition is the state of flow at an initial time. The initial and boundary 

conditions verify the unknown pressure and velocity components and are necessary to 

create a CFD model (Etheridge and Sandberg, 1996, Allard, 1998, Allard and Chiaus, 

2005). 
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The reasonable set up of physical quantities at the boundaries of the flow domain affect 

to overall accuracy of the CFD model. Boundary conditions in CFD model are usually 

described by their type such as inlet and outlet, wall etc or by specifying the unknown 

variable such as unknown pressure and velocity components (Anderson and John, 1995, 

Allard, 1998, Elmualim, 2003). 

Initial conditions are essential for all CFD model. To set up the initial condition in a 

CFD model the required information such as velocity, pressure, turbulence model, 

temperature, density are manually entered when a CFD model is set up (Allard and 

Chiaus, 2005). 

44..22..44..44  Turbulence model 

According to Liddament, 1996: “Turbulence is the random fluctuation of the air stream 

from its mean flow direction”. Therefore, it can be assumed that in nature and 

engineering applications flow is usually categorized as turbulent (Allard and Chiaus, 

2005).  

Turbulence generally takes place when the value of Reynolds number in the equation 3-

15 is higher than 4000 (Allard and Chiaus, 2005, Awbi, 1991). 

                   Reynolds number =
µ

ρUL
                                                                                               ( 4-15) 

When: ρ is air density (kg/m³) 

  U is the velocity (m/s²) 

  µ is the air viscosity (N.s/m²) 

 L is characteristic length (m)
1
  

In CFD codes different models such as Eddy Viscosity, Zero Equation, Reynolds Stress 

Model and Large Eddy simulation have been applied to simulate turbulence flow and 

also more complicated model developed to provide better solutions which are the 

combination of two equation turbulence models such as k- ε model, RNG k- ε model 

(Re Normalised Group), k-ώ model, Wilcox k-ώ model, Baseline (BLS) k-ώ model and 

shear stress model. In this models the turbulence is assumed as isotropic which is not 

true of high recalculating flows.  

                                                 
1
 . The value of L highly depends on the nature of problem and usually is a matter of convention, for 

example in the case of wind-catcher L could be defined as the height of opening. 
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In terms of simulation of air flow in the room the k- ε model is the most common model 

used (Allard and Chiaus, 2005, Li and Mak, 2007). 

According to (Elmualim, 2003): 

“k- ε relates The kinetic energy of flow and dissipation to the viscosity of the flow. 

Allowing an estimation of the effects of Reynolds stress on the flow to be made.” 

k refers to the turbulence kinetic energy and ε is the turbulence dissipation rate. Its 

equation can be defined as follow: 

        

                                                               4-16) 

 

 

Where 

    is turbulence viscosity (Ns/m²) 

ε   is turbulence dissipation rate (m²/s3
) 

k  is turbulence kinetic energy (m²/s²) 

ρ  is density (kg/m3) 

And finally cµ is a k-ε model parameter which usually is constant and assumed as 0.09 

44..22..44..55  Running CFD model 

When a CFD code runs it provides information which shows errors between correct 

answer and the answer at the present situation which is called the Residual. This 

information is presented in various ways depending on the code. CFD can demonstrate 

Residuals as sum of a variable for the whole of domain, or the value of specific variable 

in the specific cell. To check the accuracy of a solution in CFD model, it is necessary to 

check the convergence of the solution. The convergence of the solution can be 

confirmed through checking the value of all variables from one iteration to the next 

one. If the value of a variable decreases steadily and any sudden increase or decrease is 

not observed the solution is converged. If a sudden jump is observed even in one or two 

variables it shows some problem in calculation. Also the convergence of the solution 

can be checked by following the mass source residual across iteration which shows the 

code satisfying the continuity equation. And finally it can be claimed that the solution is 
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converged if the value of variable at reference point and the whole domain are matched 

together (Anderson and John, 1995, Nguyenle and Ishii, 1999, Elmualim, 2003). 

 

44..22..44..66  Post processing  

Most CFD codes present results with graphical post processors as well as results files 

with encoded data. Graphical post processors illustrate variables in forms of coloury 

vectors and contours at selected coordination. Results file represent data, in alpha-

numerical form and variable and areas can be checked through this file (Anderson and 

John, 1995, Elmualim, 2003). 

4.3 Experimental methods 

As experimental models can visualise the flow behaviour in and around a building they 

are very useful. There are different experimental predication methods that can be 

applied to predict and understand the performance of natural ventilation in a building 

(Jones, 1997, CIBSE, 1997) 

 Some of the experimental methods such as using a wind tunnel require a model to be 

made and then tested to predict and study the performance of ventilation. Some other 

methods are applied to study indoor air quality and the performance of ventilation tools 

on site, site monitoring technique or tracer gas technique and visualisation of indoor air 

movement techniques could be categorized under this section (Jones, 1997, CIBSE, 

1997). 

4.3.1 Wind tunnel testing 

Wind-tunnel tests usually applied to study the pressure distribution in and around the 

building, when the function of natural ventilation is based on wind effect. For this 

purpose a model of the building and its surrounding could be built and placed in a wind 

tunnel and the velocity and pressure can be measured in different areas of model by 

pressure and velocity sensor tappings. A wind-tunnel also can be applied to visualise 

and study flow characterising by using smoke or tracer gas (Jones, 1997). As wind-

tunnel tests could specify the value of Cp (pressure coefficient) they can be used to 
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develop a CFD model for further study. It means that the value of Cp obtained from 

wind tunnel tests can be applied as a boundary data input in a CFD model (Etheridge 

and Sandberg, 1996, Jones, 1997, Elmualim, 2003).  

 There are two types of wind tunnels as follows: 

• open or straight- through type 

•  return or closed type 

The open wind tunnels consists of inlet contraction, working section, fan, diffuser and 

outlet but in closed wind tunnel a return duct have been applied as inlet and outlet (see 

Figure  4-2). As in open wind tunnel users have more control over the turbulence the 

results obtained from open wind tunnels are more reliable. However applying open 

wind tunnels are more costly in comparison to closed type (Young, 1989). 

 

Figure  4-2: Cross section of a closed type wind tunnel 

4.3.2 Ventilation rate measurement using tracer gas 

Tracer gas measurement techniques usually are used to measure the air change rate 

quantitatively. This technique is based on injection and measurement of a tracer gas in a 

space. There is a direct relation between injection and measurement of a tracer gas and 

ventilation rate. The driving equation to measure the air tracer gas infiltration in the 

space is (Etheridge and Sandberg, 1996, Jones, 1997): 

                          
te QCQCF

Dt

dC
V −+=                                                ( 4-17) 

 

 

 

Change in tracer 

concentration in space 

Amount of tracer 

introduced into space 

Amount of tracer 

leaving space 
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Where:    

  

      V is the volume of the space (m³), 

 F is internal rate of production of tracer gas (m³/h), 

 t is the time (h), 

 C, Ce are the internal and external levels of concentration of tracer gas at time t (m³). 

A wide range of gases have been used in this technique. The characteristics of the most 

common ones are given in Table  4-4(Etheridge and Sandberg, 1996) 

 

Table  4-4: Properties of common tracer gas 

 

There are three main technique know as tracer decay methods , constant concentration 

methods and constant emission rate techniques which  have been use to measure 

ventilation rate via tracer gas technique.  

44..33..22..11  Tracer Decay 

In this technique a short burst of gas is injected into a space to achieve a uniform 

concentration in the space. When the concentration has been established the injection of 

Gas Molecula

r weight 

Boiling 

point 

(°C) 

Density 

(Kg/m³) 

Analytical method(ppm) Detection 

range(ppm) 

Background 

concentration 

CO2 44 -56.6 1.98 IR(infra-red) 0.05-2000  Variable 

Freon 12 121 -29.8 5.13 IR 

GC-ECD 

0.05-2000 

0.001-00.5 

 

He 4 -268.9 0.17 MS  5.24 

N7O 121 -29.8 5.13 IR 0.05-2000 0.03 

SF6 146 -50.8 6.18 Infra-red/gas  

Chromatography/electron 

Capture detector 

0.05-2000 

0.00002-

0.5 

 

Perfluor

on 

hexane  

338 57.0  Chromatography/electron 

Capture detector 

10¯  
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tracer gas will be stopped and then the tracer gas will be allowed to decay and finally 

the concentration decay will be recorded (Etheridge and Sandberg, 1996, Jones, 1997). 

44..33..22..22  Constant concentration methods 

In this method a gas is injected into a space in order to keep a consent concentration of 

the gas in the space. This method could provides a continues monitoring of the 

variation of ventilation rate over time and condition in addition constant concentration 

methods can give ventilation rate in individual rooms but the tracer decay technique can 

only estimate the total flow rate of space. However this method requires computer 

controlled injection and sampling units which makes this method more complex and 

more expensive in comparison to the first technique (Etheridge and Sandberg, 1996, 

Jones, 1997). 

44..33..22..33  The constant emission rate 

As tracer gas techniques require complex equipment and unfamiliar tracer gas it is not 

easy to run in occupied space. To deal with this limitation, metabolic carbon dioxide is 

used as a tracer gas in this method (Etheridge and Sandberg, 1996, Jones, 1997). 

4.3.3  Site monitoring 

In this method several parameters which could affect air quality are measured on site. 

Such parameters could involve the pattern of indoor air movement, wind velocity, 

humidity, internal temperature and external temperature. Carbon dioxide sensors, 

smoke machines and tracer gas injections can be applied to monitor those indoor 

parameters (Etheridge and Sandberg, 1996, Jones, 1997). 

4.4 Conclusion  

The literature review in chapter 1 revealed that applying natural ventilation devices in 

the buildings are vital and among different natural ventilation devices wind-catcher is 

identified as a suitable tool to provide natural ventilation in buildings. Wind-catchers 

can benefit from both wind and temperature differences as driving forces to ventilate a 

building. In this study it is attempted to improve the performance of natural ventilation.  



Chapter 3                 Prediction and measurement technique in terms of natural ventilation 

 

 72 

Since the physical processes involved in running the wind-catcher are sophisticated 

different prediction tools could be applied to understand and predict physical processes 

in the wind-catcher. Therefore applying some prediction methods are necessary to 

assess better performance of wind-catchers. 

Different prediction and visualisation methods were introduced in this chapter which 

involve: 

1. Theoretical based models such as:   

• Empirical models: These methods are easy and quick model but are not as 

reliable as the following models. 

• Network models & Zonal models: these models require information that could 

be achieved only through experimental techniques which is not easily 

achievable and could be costly. 

• CFD model: although this technique requires wide rage knowledge of fluid 

dynamics and software availability. As CFD models can provide reliable and 

comprehensive information about natural ventilation’s attitude nowadays it is 

applied widely. But to achieve a valid and reliable model CFD models are 

required to be validated against an experimental result.  

2. Experimental based model: such as wind tunnel test, tracer gas technique are 

common. However, these methods are costly. 

 

Previous methods were identified to establish further studies on wind-catcher’s 

performances. As CFD models can provide detailed information about the flow field 

such as the calculation of pressure and velocity in and around a building which other 

prediction methods are unable to provide, CFD model was used as the prediction tool 

for further studies. In addition, as the aim of this study is to improve the performance of 

the wind-catcher, the predictive model chosen should be flexible and make it possible 

to change some parameters to study the effects of those changes. Furthermore, CFD 

models are capable of visualising air flow patterns in and around a structure which 

could be helpful in order to investigate wind-catchers performances and improvement 

its performance.  
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As mentioned before the validity of a CFD model should be checked with the 

experimental results. In this study the validity of the model was checked against the 

published results of an experimental wind tunnel test carried out by Elmualim and 

Awbi in 2002. 

 In this study at the beginning, a wind-catcher model is created based on the wind-

catcher which was used in the wind tunnel test (Elmualim and Awbi, 2002), the results 

obtained from CFD model are compared to published results of wind tunnel test 

(Elmualim and Awbi, 2002) in order to validate the CFD model.  Then the validated 

CFD model is studied in order to improve the performance of existing wind-catcher.  

 In the following chapter the performance of the wind-catcher will be evaluated and 

attempts are made to improve its performance. 
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5 Aims, Objectives and Methodologies 

5.1  Introduction  

Currently due to harmful effects of fossil energy consumption in building industry, 

applying environmentally friendly features has become more popular. Environmentally 

friendly features take advantage of renewable energies, such as wind and solar power to 

run the system. One of those environmentally friendly devices is the wind-catcher. 

Wind-catchers are environmentally friendly and sustainable energy systems which 

traditionally have been used in the Middle East for ventilation and cooling purposes. The 

design of traditional wind-catchers has inspired the design of a new form of wind-catcher 

in the UK.  

In this study it is attempted to improve the efficiency of the design of modern wind-

catcher in terms of total airflow rate.  

Currently, to increase the total air flow rate, the number or size of wind-catchers that 

have been applied in a building are increased. By increasing the number and the size of 

wind-catchers, the material waste, labor requirement and needed maintenance needs also 

increase. Furthermore, most of the current wind-catchers in the UK become inefficient 

when the external air velocity is less than 3 m/s, so if it is possible to increase total air 

flow rate introduced into the building for any wind velocity, it is more likely to ventilate 

a building with a smaller wind-catcher. 

Therefore, in this study it is attempted to increase total airflow rate introduced to a 

building by a wind-catcher. For this reason a new from of opening which is the 

combination of traditional and modern wind-catchers is introduced and its effect on the 

total air flow rate enters to the building is investigated. 

5.2  Proposed design 

Wind-catchers are chimney shape towers with 1 to 8 opening at the top to ventilate 

buildings. Wind-catcher towers are usually divided into 2 to 8 individual shafts with 

partitions that come down the length of tower. In fact, those partitions create  several 
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individual shafts that allow wind-catchers to introduce fresh and cool air to a building and 

exhaust hot and polluted air from the building at the same time. 

Traditional wind-catchers have been used in areas with higher outdoor temperature, but 

they could provide acceptable indoor air conditions. However, as the climatic condition 

in the UK and Middle-East are totally different it is impossible to use traditional design in 

the UK. These climatic differences have been affected on the design of contemporary 

wind-catcher in the UK. Forms of opening is one of the differences between traditional 

and modern wind-catchers.  

The forms of wind-catcher’s openings are highly affected by the climate condition. In 

traditional design of wind-catchers, as used in the hot and dry areas big vertical vents are 

used. However, as in the UK rain plays very important role on architecture, modern 

wind-catchers in the UK have several oblique horizontal louvres which could affect the 

wind-catcher’s performances. (See Figure  5-1) 

Although modern horizontal louvres provide better protection against rain, dust, birds, 

and increase the security of buildings, they can influence the way, air enters and exits 

from the system and consequently can affect the overall efficiency of system. As can be 

seen in Figure  5-1, the form of louvres in modern designs can influence the way, air 

enters and exits from the system and consequently can affect the overall efficiency of 

system. As mentioned in section  3.8 there is no research to compare the effect of 

applying these two types of louvres on the wind-catchers performances. Hence, it is 

necessary to study the effects of the louvr form on the wind-catcher performances, and 

check the possibility of combining these two forms of louvres to introduce a new form of 

louvre which can benefit from the advantages of both louvre forms. 



Chapter 4                                                                       Aims, objective and methodologies 

 

 78 

 

Figure  5-1: Different louvres in modern traditional wind-catcher 
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As mentioned previously this study intends to compare the performance of modern wind-

catchers with horizontal louvre (also known as slopping louvres) to wind-catchers with 

vertical louvres in order to increase the total amount of air introducing to a building. 

  For this reason, a new type of opening was designed and evaluated (its concept 

illustrated in Figure  5-2). In fact the proposed design of wind-catcher is an integration of 

modern and traditional wind-catchers. The new wind-catcher consists of a group of deep 

vertical louvres which benefit from a sloping surface at the bottom of opening.   

 

 

Figure  5-2: Proposed design of wind-catcher with cross section through louvres 
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Increasing the depth of louvres increases the protection against rain ingress and provides 

shading for the inlet which in turn helps to cool down entry air. In addition, as the density 

of dust is more than air, increasing the depth of louvres can be acted as a filter to separate 

dust from the air entering to building.  

5.3 Aims, Objectives and mythologies:  

 

  As previously mentioned in general, the aim of this research is to investigate the 

performance of a wind-catcher in buildings which provide natural ventilation, and to 

improve the overall efficiency of the system by integrating the traditional and modern 

wind-catcher designs. 

To assess these aims it is necessary to investigate both traditional and modern wind-

catcher. Then the efficiency of a new design of wind-catcher that is the integration of 

modern and traditional wind-catcher design should be studied. 

 As physical processes which are involved in the natural ventilation in general are 

complicated, a predictive model is required to investigate the effect of changes and 

compare original and new wind-catcher’s performances; hence it is necessary to choose 

suitable prediction methods.  

  CFD models have currently, been applied to study the airflow profiles in and around 

buildings. Applying CFD techniques have became popular due to the detailed 

information that can be provided about airflow velocity distribution and thermal 

conditions (ASHRAE 1992). In addition, CFD models provide the flexibility which is 

required for the proposed study. Therefore, CFD models can be chosen for the further 

studies. However according to Li and M, 2007): 

  The integration of two methods eliminate model assumptions otherwise present in single 

models and thus improves the quality of simulation results 

 Thus to eliminate the simulation problem the CFD model is compared to the published 

results of wind tunnel test, conducting by (Elmualim, 2003) and then the model of wind-

catcher is changed into the new design in the CFD model and the effects of changes are 

investigated. 
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Objectives  

 

To achieve the above aims several objectives have been set as follows: 

 

• Model an existing wind-catcher in CFD and compare and validate results with 

existing results by (Elmualim, 2003) which has been tested in a wind-tunnel. 

 

• Evaluate and compare available CFD results for a natural ventilation application 

and study how a wind catcher works. 

 

• Investigate the effects of vertical louvres which traditionally have been used on 

the wind-catcher performance in comparison to horizontal louvres.  

 

•  Optimise the design of louvres by integrating modern and traditional louvres to    

increase the overall airflow rate introduced to the building by the wind-catcher.
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6  Computational Fluid Dynamics (CFD) Simulation  

6.1 Introduction  

There are different research methods that can be used to investigate the performance of 

wind-catcher. As CFD can provide detailed air velocity and pressure predictions inside 

and around a building, this method was chosen to analyze the wind-catchers’ 

performance. In addition in comparison to other reliable methods such as wind-tunnel or 

real building experiments CFD is less costly and more flexible. As the aim of this study 

was improvement of performances of existing wind-catcher by combining modern and 

traditional designs, flexibility of the predictive model played a very significant role. 

Phoenics was the CFD commercial code used to simulate the modelled wind-catcher. 

Phoenics was chosen because of its availability at the University of Glamorgan and to 

provide detailed information for further investigations. 

Phoenics can predict the performance of flow for steady or transient situations, laminar 

and turbulent in either Cartesian X, Y, Z coordination, or circular coordinates. 

Phoenincs divides the Cartesian coordination in to several rectangular cubic cells and 

solves the governing equations of CFD in each cell; the Phoenics model can calculate 

fluid velocity, pressure and temperature for each individual cell. 

6.2  Initial setup  

Before starting the simulation, it is necessary to specify the physical condition in which 

simulation will be run (Allard and Chiaus, 2005). Those physical conditions, which are 

known as boundary and initial conditions, the numerical schemes and the turbulence 

model used, influence the overall accuracy of the CFD simulation (Murakami, 1998). It is 

therefore important to choose reasonable initial and boundary conditions. For those 

reasons the simulation was based on the wind-tunnel experiment of (Elmualim and Awbi, 

2002). The experiment, as shown in Figure  6-1, ran in an open section wind tunnel and a 

square wind-catcher (50 cm× 50 cm×150 cm in size)  (see Figure  6-1), was connected to 

a room of 2.48 m × 2.48 m×2.48 m.  

 



Chapter 5                                                                                                      CFD Simulation 

 

 84 

 

Figure  6-1: Open section wind-tunnel 

 

In the CFD model the domain size set as 3.6m× 3.6m×4.48m representing an open 

section area of wind tunnel and the connected test room.  

 

 

 

Figure  6-2: Original tested wind-catcher 

 

In order to validate the CFD model, the performance of the wind-catcher under six 

different wind speeds (ranging from 1 to 6(m/s)) and two wind directions (0° and 30°) 

were evaluated. Then the results obtained from the Phoenics model were compared with 

the published result of (Elmualim and Awbi, 2002) to prove the validity of CFD model. 
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6.2.1 Turbulence model 

The Phoenics code has different turbulence models such as constant turbulent viscosity 

model, k-Ω model, low Reynolds model and various k-ε models. 

In all models flow is assumed as turbulent and the dimension of L in Equation 3-15 

assume as 35 cm representing the height of opening. 

The k-ε model is the most widely used model in terms of simulation an air flow in a room 

(Allard and Chiaus, 2005). k-ε model can reasonably predict airflow characteristics such 

as pressure and velocity (Li and Mak, 2007)and also the k-ε model can be used because 

of numerical robustness (Basara and Alajbegovic, 1998)  as well as lower computing 

effort required to achieve the converge by applying k-ε model in comparison to other 

turbulence modeltherefore, the standard k-ε model was chosen as the turbulence model. 

However, according to (Murakami, 1997) applying k-ε model can introduce some errors 

(In this model the turbulence is assumed as isotropic which is not true of highly 

recalculated flows (Elmualim, 2003)). 

As the kinetic model only updated the flow field at certain present time a steady state 

model is used. 

6.2.2 Convergence and Gird size  

Most of the time a number of iterations are necessary to assess the converge solution in 

CFD models. The iteration error is the differences between exact solution for the 

differential equation if it is available and the iteration at the present situation (Elmualim, 

2003). As usually the exact solution for differential equation is not available, Phoenics 

provides two type of iteration that can be applied to access the convergence of solution.  

The first type of iteration is Sweeps which is a whole field operation and second type is 

iteration which is: “the number of times a set of calculations is repeated” (Nguyenle and 

Ishii, 1999). Iteration convergence when the solutions are unchanged over the number of 

iterations. 

 The maximum iteration number have been used in the simulation was 500 which always 

led to a converged solution.  

To find the result independent from the grid size which means that the results do not 

depend on the number of grid cells, it is recommended to set the group of simulation with 
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different grid definition (He, 1999). As mentioned previously the standard ε−k  

turbulence model was applied; various number of meshes with initial wind speed of 3m/s 

at angle 0º were investigated. Figure  6-3 shows the value of velocity in the centre line of 

the wind-catcher’s air supply to the room with different number of grids. 

As can be see in Figure  6-3, the results obtained from the model with the higher number 

of 900K girds are almost the same and any small differences could be neglected. So the 

model identified grid independent above 900K number of cells. Figure  6-4 shows the grid 

pattern in the simulated CFD model when 900K grids are applied. 
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Figure  6-3: Velocity in centre line of wind-catcher 
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Figure  6-4: Grid pattern in the CFD model with 900K cells 

6.3 Validation  

To check the accuracy and validity of the Phoenics model, data obtained from CFD 

model were compared to the results obtained from the wind tunnel test model (Elmualim 

and Awbi, 2002). Figure  6-5 shows the simulated wind-catcher in Phoenincs with wind 

velocity is 3m/s and wind direction set as 0º. For further details please see appendix A. 

       

Figure  6-5: Simulated wind-catcher in Phoenics with external wind velocity of 3m/s 
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Figure  6-6 and Figure  6-7 shows the differences between CFD results and wind tunnel 

results. As can be seen there is a good agreement between experimental and CFD results 

 

To calculate the percentage of error following equation was applied: 

Error =   CFD result - Experimental result    × 100                                                       (5-1) 

                  Experimental result 

The maximum percentage of error has be observed when the initial wind velocity set as 6 

m/s which is +16.7%. As in this simulation a standard k-ε model was adapted to the 

problem; and as k-ε affects the accuracy of model, higher error percentages have been 

observed when initial wind velocity set as 6 m/s. In fact  higher wind velocity produce 

higher turbulence and as in the k-ε model turbulence assume as isotropic which is not true 

for highly recirculation flow. Therefre, CFD model required more sophisticated turbulent 

model than standard k-ε at higher wind speed. (For further information please see 

appendix B) 
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Figure  6-6: The comparison of the data obtained from wind-tunnel and CFD model when the flowing 

angle is 0º (Figure above represents the air flow rate of air entering into the room) 
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Figure  6-7: The comparison of the data obtained from wind-tunnel and CFD model when the flowing 

angle is 0º (Figure above represents the air flow rate of air leaving the room)  

 

In the Phoenics model the same as wind-tunnel experiment the quadrant 1 acts as air 

supply for the room while quadrants 2, 3, 4 are identified as air extract (see Figure  6-8). 

In addition as with the wind-tunnel model there is a direct relationship between external 

wind speed and airflow rate in wind-catcher’s quadrants and by increasing the external 

wind speed the total air flow rate is also increased. 

  

Figure  6-8: Plan of wind-catcher when the direction of wind is 0º 

 

In the wind-tunnel test, the performance of the wind-catcher with different wind 

directions was studied. Therefore, to prove the validity of the Phoenics model a series of 

models were built to investigate the effect of the wind’s direction on the wind-catcher’s 

performance. Figure  6-9 shows the comparison between the wind tunnel results and the 

CFD model results when the wind direction was set as 30º and as can be seen the 

percentage of error when the initial velocity set as 30º is neglected. 
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Figure  6-9: Predicted volumetric airflow rate where the wind direction is 0ºand 30º 

 

When the wind- direction assume as 30º against wind-catcher, in the CFD model, same as 

the wind tunnel model the quadrant 1 acts as air supply and other three quadrants exhaust 

air from the room. (See Figure  6-10)  

 

 

Figure  6-10: Wind-catcher’s plan when the prevailing wind is 30º 

 

There is a reasonable agreement between results obtained from the Phoenics model, and 

those published experimental result by (Elmualim and Awbi, 2002a) when the wind 

direction set as 0º and 30º.Therefore, the Phoenics model was deemed to be validated 

specially at the wind speeds of  2 to 5 m/s.  
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6.4 The performance of the wind-catcher with vertical louvres 

As mentioned previously the aim of this study is to increase the overall air flow rate and 

as wind-catchers with vertical louvres are less likely to affect the form of air entering to 

the room (seeFigure  6-11) , in this study the effects of applying vertical louvres instead of 

contemporary horizontal louvres is examined. For this reason a new type of louvre was 

designed.  

                    

 

       Ineffective area 

Figure  6-11: Comparison of the air pattern in wind-catcher with vertical and horizontal louvres 

To investigate the performance of a wind-catcher with vertical louvres it is necessary to 

specify four variables of size (width), Number and Depth of louvres and the angle of 

sloping plate at the base of louvers. (See Figure  6-12). 

                                       Depth of louvres                               width of Louvre 

 

 

 

 

 

 

                       

                             Number of louvres                                           Angle of sloping surface 

 

Figure  6-12: Parameters should be specified to design a wind-catcher with vertical louvres. 
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6.4.1 Size of louvres  

To specify the width of the louvres, different models with the same size total opening 

area with original wind-catcher was built. The total opening area in each quadrant in 

original model was set as 0.110m². In each model the total free louvre area was kept the 

same but the width and the number of louvres were changed. Figure  6-13 shows the 

relationship between number of louvres and total air flow rate at air entry to the room 

when wind velocity set as 3 m/s. 
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Figure  6-13: Comparison of the performance of wind-catcher with the same opening size and with 

different number of louvres in terms of airflow rate. 

 

By increasing the number of louvres and decreasing the distance between louvres, as 

wind passes trough narrower area the wind velocity increases (due to the Bernoulli 

Effect) and subsequently the overall air flow rate entering to the room increases. 

However, this trend continued until 8 louvres were applied. Within 8 louvres due to 

special form of main partitions, as can bee seen in Figure 5-14 the louvres at the edges of 

each quadrant become ineffective and gradually the airflow rate decreases. In fact in 

wind-catcher within 8 louvres, the partitions creates barriers against air entry and do not 

allow the air enters to the wind-catcher’s structure.  

If the perpendicular main partitions are applied the best size of vertical louvre with total 

opening area same as original wind-catcher with 6 horizontal louvers is 8 vertical louvres 

with 0.0175m width. It should be mentioned that although diagonal main partition creates 
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restriction against air entry   the performance of wind-catcher with vertical louvres and 

same size opening is improved up to 27.3% in comparison to original wind-catchers with 

vertical louvres when the external wind velocity set as 3 m/s. 

 

 

 

 

 

 

 

 

  

 

 

 

  

 

Figure  6-14: Pressure distribution in wind-catcher with 2 to 10 louvres 

6.4.2 Angle of sloping (oblique) surface at the base of wind-catcher: 

In new design of louvre, wind-catcher has a sloping surface at the base to conduct rain 

water to outdoor. To check the effect of applying slopping surface at the base, a group of 

models with different angle of sloping surface at the based were examined. 

By increasing the angle of sloping surface the form of air entering the room is more likely 

to be affected, as the angle of sloping surface can affect the form of air entry to the room, 

as well as total opening area the performance of the wind-catcher slightly deteriorates. 

However, as in new design only one sloping surface is applied its effect on the 

performance of systems is considerably less than original design of modern wind-

catchers with group of sloping surfaces. Even if the angle of the sloping surface set as 35º 

(which was applied in the original model), the performance of wind-catcher is improved 

up to 22%.  
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Figure  6-15 compares the performance of wind-catcher with sloping angle of 6º, 11º, 22º, 

30º and 35º. 

 

0.09
0.093
0.096
0.099
0.102
0.105
0.108
0.111
0.114
0.117

0.12
0.123

original

louvres

(horizontal)

with six 35º

sloping

surfaces

vertical

louvres with

a sloping

surface of 6º

vertical

louvre with a

sloping

surface of

11º

vertical

louvre with a

sloping

surface of

22º

vertical

louvre with a

sloping

surface of

30º

vertical

louvre with a

sloping

surface of

35º

A
ir

fl
o

w

 

Figure  6-15: Comparison of the effect of angel of sloping surface where the velocity at inlet is 3m/s 

6.4.3  Number of louvres 

To find the optimum number of louvres, the performance of the wind-catcher with 

various numbers of louvres were evaluated.  In this case the width of each louvre is 

assumed as 0.0175m (which was identified in section  6.4.1) but the number of louvres 

increases (the number of louvres are ranging from two louvre to 14 louvres) As can be 

seen in Figure  6-16 by increasing the number of louvres, the mean velocity at the inlet 

(area A in Figure  6-17 ) increased and consequently air flow rate will increase at the area 

the wind-catcher is connected to the room (area B in Figure  6-17). After some degree 

(more than 8 louvres), although mean velocity increases at area A in Figure  6-17, the air 

flow rate at the area B (where wind-catcher connected to the room) is deteriorate.  
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Figure  6-16: Relationship between average velocity at the inlet and airflow rate at the bottom of the 

wind-catcher when the initial velocity is 3m/s 

 

                  

 

Figure  6-17: Measurement area in order to determine optimum number of louvres 

  



Chapter 5                                                                                                      CFD Simulation 

 

 96 

This phenomenon could be explained by the following reasons. By increasing the number 

of louvres as the air path becomes narrower due the Bernoulli Effect the mean velocity
2
  

increases, increasing the mean velocity leads to increase of airflow rate. But this 

phenomenon has been observed to some degree and then gradually the performance of 

wind-catcher deteriorates. In fact, the diagonal form of partitions, as illustrated in Figure 

 6-18, creates a restriction at edge of each quadrant against air entry to the wind-catcher’s 

column and consequently the average air flow rate is decreased. In addition by increasing 

the number of louvres total opening size decreases which also affects the performances of 

the wind-catcher. 

 

Figure  6-18: Comparison of the effect of diagonal partitions on the distribution of air pattern in the 

wind-catcher with 4 and 11 louvres when the initial velocity is 3m/s. 

It should be mentioned that similar trends have been observed for other wind speeds 

which means that by increasing the number of louvres the mean velocity increase but the 

air flow rate decrease when more than 8 louvres are applied. 

Figure  6-19 shows the air velocity effects when optimum size and number of louvres are 

applied. 

                                                 
2
 Mean velocity is measured at the area A in figure 5-17. 
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Figure  6-19: Air velocity pattern in the wind-catcher with vertical louvres when optimum width and 

optimum number of louvres are applied 

6.4.4 Depth of louvre  

As decreasing the depth of louvres in new design, provided better protection against rain, 

hail and dust and also helps to create shading for air entry, therefore, the specification of 

the louvres depth plays a very important roll on wind-catcher’s design. 

To investigate the effect of the louvre’s depth on the performance of the wind-catcher, a 

group of models was built in Phoenics. In all models the total opening size and number of 

louvres remained the same. First the depth of vertical louvre is assumed as 0 which is in 

reality impossible then gradually the depth of louvre was increased. Extending the depth 

of the louvre increases the friction effect and also helps to raise the pressure differences 

between two sides of the louvres which can help to raise the air velocity, increasing wind 

velocity effects the overall air flow rate. See Figure  6-20. However, as the opening size 

and form of air entry is the same the depth of louvre does not significant effect the 

performance of wind-catcher (See Figure 5-21) 
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Figure  6-20: Comparison of the effect of louvres’ depth on the pressure when the depth of louvres are 

0 m, 0.075m and 0.2 m 
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Figure  6-21: Comparison between wind-catcher with various louvres’ depth 

 

Further studies have been done to check the effect of wind direction on the performances 

of wind-catcher with different depth as can bee seen in figure 5-21 the direction of wind 
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does not have a significant effect on the performance of wind-catcher with different . 

Figure 5-22 shows the pressure and velocity distribution around wind-catcher’s inlet 

(louver depth of 5 cm and 15 cm) when wind direction is changed to 30.  

 

 

 

 

 

 

 

 

 

 

 

Figure  6-22: pressure and wind distribution around wind-catchers with depth of 5 and 15cm when 

initial wind direction assume as 30º 

6.5 Optimum wind-catcher 

 Figure  6-23 shows the comparison between optimum size wind-catcher and the original 

wind-catcher have been simulated in the CFD model based on the published results of 

wind- tunnel test. As can be seen the performance of the optimum wind-catcher when the 

initial wind velocity set as 1,2 and 6 m/s respectively improves up to 27.7%, 29.05% and 

26.6% during the time wind direction blows 0º to the wind-catcher.  



Chapter 5                                                                                                      CFD Simulation 

 

 100 

0

0.05

0.1

0.15

0.2

0.25

0 2 4 6 8

velocity (m/s)

a
ir

fl
o

w
 r

a
te

original wind-

catcher(α=0)

original wind-

catcher(α=30)

optimum wind-

catcher(α=0)

optimum wind-

catcher(α=30)

 

 

Figure  6-23: Comparison between original wind-catcher with horizontal louvres and optimum wind-
catcher with vertical louvres 

Figure  6-24 also shows the possible design of optimum wind-catcher. It should be 

mentioned that in the proposed design for aesthetic reasons the louvre comes down to the 

length of wind-catcher in addition in this design wind-catcher take advantage of two 

slopping surfaces in bottom and top of louvers which does not significant effect (%3) on 

the performance of wind-catcher. For further details pleas see appendix C. 
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Figure  6-24: Schematic diagram of optimum design 

6.6 Conclusion 

In this study the performance of the original wind-catcher with horizontal louvres was 

compared to the performance of the wind-catcher with vertical louvres in order to 

improve the efficiency of existing systems in terms of airflow rate. The CFD model was 

adapted to the problem to investigate the effects of changes on the wind-catcher’s 

performances. 

Firstly in order to validate the CFD model, a CFD model was created in Phoenics, the 

model was based on an existing wind-tunnel test results conducted by (Elmualim and 

Awbi, 2002). The simulation results were compared to the existing experimental study on 

wind-catcher with horizontal louvres. As the simulation results agree with experimental 

results the CFD model was identified as a reliable model for further studies. 

To specify the size of the vertical louvres, five parameters were investigated. The width 

of vertical louvres, the number of vertical louvres, the depth of vertical louvres and the 

size of sloping (oblique) surface at the base of louvres. 
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To identify the width of louvre the opening size was kept the same as the original one but 

the width and the number of louvres was varied. The results obtain from this section 

reveals that, the performance of wind-catcher with vertical louvres improve when the 

number of louvres rising and distance between them decreasing to some stage and then 

gradually the performance of wind-catcher with vertical louvres deteriorates. The 

improvement takes place as a result of Bernoulli Effect but after some degree as diagonal 

form of main partitions create restriction against air entry the performance of wind-

catcher deteriorates . 

Although by increasing the number of vertical louvres the form of main partitions create 

restriction against air entry, the performance of wind-catcher with vertical louvres and 

diagonal form main partition improved up to 27.3 % in comparison to the same size 

wind-catcher with horizontal louvres.   

In fact the results of this study shows that, the performance of the wind-catcher greatly 

depends on the form of louvres, as vertical louvres have less effect on the form of the air, 

entering to the room, they  have better performances in comparison to the wind-catcher 

with horizontal louvres. Therefore, applying vertical louvres can help to increase the total 

airflow rate introduced to the building (see Figure  6-11). 

 

The results obtained from the group of models which were made to study the effect of 

applying sloping surface at the base of louvres indicates a little negative effect on the 

wind-catcher’s performance when the angle of sloping surface is increased. By increasing 

the angle of sloping surface the size of opening decreases in one hand and on the other 

hand the form of air entry is more likely to be affected. However, that negative effect is 

not as much as applying a group of sloping model in the original design of modern wind-

catchers. Even if a 35º sloping surface (the angle of louvres in original model was set as 

35º) is applied the performance of wind-catcher is improved up to 22% in comparison to 

the original one.  

 

The investigations regarding the specification of the number of louvres clearly indicates 

that by increasing the number of louvres when the width of each louvre remain the same, 

mean velocity as a result of the Bernoulli Effect increases at the area air enters to the 



Chapter 5                                                                                                      CFD Simulation 

 

 103 

wind-catcher’s column. Increasing the mean air velocity at the top of wind-catcher’s 

structure helps to increase air flow rate in the area where air enters the room to some 

degree, but again diagonal form of main partitions creates a restriction against air entry 

for wind-catcher with higher numbers of louvres especially at the edge of each quadrants. 

Therefore, by applying other forms of main partition it could be possible to decrease the 

total opening size while the air flow rates entering to the room is increased or remained 

the same. 

 

The results obtained from series of models with different louvre depths show that by 

increasing the depth of louvre form and size of opening remain the same, increasing the 

depths of louvres do not have a considerable effect on the wind-catchers performance. 

However, due to higher pressure differences between two sides of louvres occur when the 

depth of louvres increase, the performance of wind-catcher slightly improves. 

 

Although applying vertical louvres improves the efficiency of the system, due to applying 

certain forms of main partition (diagonal shape partition), there is a negative effect on the 

wind-catcher’s performances Therefore other forms of main partitions which traditionally 

were applied in Middle-East and which do not create a barrier against air entry should be 

examined. In the next chapter the effects of applying perpendicular and H shape 

partitions will be studied.  
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7 Comparison of effect of partition types on the wind-

catcher’s performance 

7.1 Introduction 

In traditional design it was not necessary to use diagonal main partitions. Other designs 

of partitions such as +shape or H shape main partitions are reported. See Figure  7-1. 

According to Roaf studies in 1985 a local architect (Haji Ali Akbar) claimed that: “No 

working differences between the square towers with diagonal partitions or perpendicular 

partitions, or rectangular towers if the tower had the same cross sectional area for vent 

in the same direction and the choice of the shape of the tower was a result of how large 

the summer room was and choice of the house owner or builder” (Roaf, 1988).Which 

shows the choice of form of main partition depends on the owner’s or builder’s 

preference and the size of the room. In addition, it seems that there are other parameters 

involved in the choice of the form of partition. For example in Ardakan due to blowing 

dusty wind from a specific direction, wind-catchers are usually unidirectional and only 

one four directional wind-catcher with H shape partition has been reported.  

Furthermore, the results obtain from sections  6.4.1 and  6.4.3 reveal that there could be 

some functional reasons to apply other forms of partition. By increasing the number of 

louvres or decreasing the distance between louvres, due to the Bernoulli Effect the wind-

velocity increases but a special form of main partitions affect the form of the air entering 

the wind-catcher’s structure. For this reasons, other form of main partitions include 

perpendicular(+) and H shape partitions which do not block air entry and introduce more 

air to the room should have better performance than wind-catchers with X shape (so 

called perpendicular) partitions . There are three main types of main partition. The first 

type is diagonal or X shape partitions. This type of partition is more common in modern 

designs of wind-catchers. The second form belongs to the perpendicular (+) shape 

partitions and the third form is the H shape partition. In the following section the effect of 

different forms of main partition on a wind-catcher’s performance will be studied. 
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Figure  7-1: Different forms of main partitions in traditionally designed wind-catcher 

 

7.2  Performance of wind-catcher with Perpendicular partitions   

To study the effects of applying perpendicular partitions on the performance of a 

wind-catcher with vertical louvres a group of model were built. 

 

 

Figure  7-2 shows the simulation result of pressure distribution around the wind inlet, as 

can be seen huge amount of wind exhaust from inlet before entering to the room. 

 By applying perpendicular main partition as it is shown in Figure 6-2 a negative pressure 

field forms on zone A and B and a positive pressure field forms in zone C. The pressure 

difference between zone C and A-B helps to exhaust considerable amount of air before it 

enters to the room.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure  7-2: Pressure and velocity distribution of wind-catcher with 8 louvres and +shape main 

partitions when initial velocity is 1m/s. 
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Applying perpendicular form (+) partitions leads to decrease the total amount of air 

introduced to the room in comparison to the wind-catcher with diagonal partitions. 

Therefore, the performance of the wind-catcher when perpendicular partitions are applied 

in terms of volumetric air flow rate gets worse. Figure 6-3 compares the performance of 

the wind-catcher with diagonal and perpendicular partitions when the angle of prevailing 

wind against wind-catcher was set as 0.  

 

 

Figure  7-3: Volumetric measurement of air flow in wind-catcher with X & + shape partitions. 

 

(Roaf, 1982) studies regarding traditional wind-catchers as illustrated in Figure  7-1, 

shows the blockage at the edge of each quadrant in traditional wind-catchers with 

perpendicular partitions and according to the air patterns illustrated in the previous 

model, see Figure 6-2, such a blockage at the edge of wind-catcher’s quadrants could be 

applied to avoid air exhaust through inlets and to improve the total airflow rate entering 

the building. A group of models were created to study the effect of the blockage at the 

edge each quadrant on the wind-catcher’s performance. As can be seen in  

Figure  7-4 block area at the edge of each quadrant does not have a considerable effect on 

the performance of wind-catcher in terms of air flow rate. In each model the total opening 

size and width of each louvre is kept the same but the size of blockage area on the edge 

of each quadrant and the distance between louvres were varied. Little variation was 
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observed in the result of each model which is negligible. Therefore, applying blockage at 

the edge of each quadrant does not have a significant effect on the wind-catcher’s 

performances when perpendicular main partitions are applied. See  

Figure  7-4 (it sould be borne in mind that the size of louvres in figure 6-4 is not the 

same as the size of tested wind-catcher). 
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Figure  7-4: Comparison between the performance of wind-catchers with blockage area on the edge of 

each quadrant in terms of air flow rate (m³/s) (the depth of louvers are not the same as tested wind-

catcher 

7.3  H shape partition  

By applying diagonal or perpendicular main partition the structure of wind-catcher 

divided into four same size and same shape individual shafts which can not be achieved 

by applying H partitions. By applying H shape partition the structure of wind-catcher 

divided into two different size and shape individual shafts.  

Therefore, to study the effect of the H shape partition on the performance of the wind-

catcher, the air flow simulation was carried out for two groups of models. In the first 

group prevailing wind was set to blow to bigger segment (area A in Figure 6-5) and in 

second group prevailing wind blows to smaller segment (area B in Figure 6-5). 

       Direction of wind in  
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                                                                   the second group of models 

 

 

               

                   Direction of wind in  

                          the first group of  

                                 models 

 

Figure  7-5: Wind-catcher with H shape partition layout 

7.3.1 Wind-catcher with H shape partition when wind blows to bigger 

segment 

In all examined cases the total opening size remained the same but the size of blocked 

area at the edge of each quadrant and the number of louvres was changed.  

Generally in this group of models applying H shape partition slightly helps to improve 

the efficiency of the system (except the time, no louvre was used).  

Figure 6-6 shows the volumetric air flow when wind blows to the area A in Figure 6-5 

during the time initial wind speed set as 3 m/s. As can be seen in Figure 6-6 lower 

volumetric air flows were measured when no louvres were applied; but by changing the 

total blocked area at the edge of each quadrant, and increasing the number of louvres, the 

air path decreased and due to the Bernoulli Effects, the wind velocity is decreased so air 

flow rate is increased; however it should be mentioned that this effect is not considerable.  
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Figure  7-6: Volumetric air flow (m³/s) for various wind-catchers with H shape partitions when the 

original wind velocity is 3m/s. 

Figure 6-7 shows the variation of the volumetric air flow in wind-catcher with vertical 

louvres and X (diagonal) and H shape partitions when prevailing wind blows a head 

bigger segment of optimume wind-catcher (H shape partition with 2 louvres). 
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Figure  7-7: Comparison between optimum size wind-catcher when H shape and X shape partitions 

are applied 
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7.3.2 Wind-catcher with H shape partition when wind blows to smaller 

segment 

Further investigations were carried out to evaluate the performance of wind-catcher in 

terms of air flow rate when wind blows to the smaller segment in wind-catcher with H 

shape partitions. The simulation results indicate the performance of the wind-catcher as 

in this case the total air supply to the room decreases, become worse. 

Figure 6-8 shows the volumetric air flow rate when wind blows to the smaller area (Area 

B in Figure 6-5) when the initial wind speed set as 3 m/s and as can be seen in this 

condition due to small air supply to the room the performance of the wind-catcher 

considerably deteriorates. 
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Figure  7-8: Volumetric air flow (m³/s) for various wind-catchers with H shape partitions when the 

original wind velocity is 3 m/s. 

 

As same trend was observed for other wind velocities, applying wind-catchers with H 

shape partitions in the area where, the direction of prevailing wind is changed is 

inefficient although applying them in an area with specific wind direction is beneficial. 
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Figure  7-9: Comparison between the effect of partition forms on the wind-catcher’s performance (in 

all wind-catchers with vertical louvres, the size of louvres are based on the size of optimum wind-

catcher identified in chapter 5) 

 

Figure  7-9 shows the variation of the volumetric air flow with wind and direction for 

each preferable model. The air flow was much lower in the wind-catcher with 

perpendicular partitions and as would be expected the air flow rate in the wind-catcher 

with H shape partition when prevailing winds flow against a bigger size segment is 

higher in comparison to the other wind-catchers. The results show the performance of the 

wind-catcher highly depends on the form of partition and the direction of prevailing 

winds especially when H shape partitions are applied.  
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7.4 Conclusion 

Although applying vertical louvres improves the efficiency of the system, due to applying 

certain forms of main partition (diagonal shape partition), there is a negative effect on the 

wind-catcher’s performances. The reason for this is that, the diagonal partitions 

especially at the edge of each quadrant create a barrier for the air entry to the wind-

catcher’s structure. Therefore other forms of main partitions which do not create barrier 

against air entry and traditionally were applied in Middle-East were examined. 

   

This investigation shows that by applying the perpendicular form of main partitions large 

amount of air is exhausted from the air entry before entering the wind-catcher’s structure. 

Therefore the performance of this type of wind-catchers is considerably worse than wind-

catcher with diagonal main partitions. 

 

Using H shape partitions instead of X (diagonal) shape form improve the performance of 

wind-catcher when the wind blows in to the bigger opening air supply area and the 

opposite happens when wind blows in to the smaller area due to the smaller air supply 

area to the room. Therefore, applying such partitions in areas where prevailing winds or 

black and dusty wind blows from a specific direction all the time is highly recommended, 

but in area such as the UK, where the prevailing wind does not blow from the same 

direction all the time, applying this type of main partition made the wind-catcher 

inefficient during the time wind blows to the smaller area. However, better results can be 

obtained during the time the wind blows in to the bigger segment.   
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8 Conclusion and recommendation   

8.1 General conclusion 

Harmful effects of mechanical ventilation systems in buildings have lead to rising 

interests to apply some alternative forms of ventilation systems. Hence applying natural 

ventilation in buildings is becoming very popular. Natural ventilation systems only rely 

on wind or stack effect as the driving forces. There are wide ranges of natural ventilation 

equipments on the market which rely on wind, stack effect or both wind and stack effect. 

The wind-catcher is one of those devices which rely on wind and stack effect in the same 

unit. Another advantage of wind-catcher over other natural ventilation devices is that 

wind-catchers benefit from inlet and outlet in a same device.  

Wind-catchers traditionally have been used in the Middle East for centuries to ventilate 

and provide thermal comfort during the time designers only has access to natural sources. 

The concept of applying wind-catchers in buildings has recently been spread in the UK. 

The design of UK wind-catchers is based on the design of the traditional square wind-

catchers with diagonal main partitions used in the Middle East. However, the climatic 

differences between the UK and the Middle East have some effects on the design of 

contemporary UK wind-catchers.  

The main aim of this research was to: 

1. Improve the overall efficiency of the existing systems in terms of total airflow 

rate.  

2. Assess the performance of a wind-catcher in buildings providing natural 

ventilation. 

To achieve these, it was aimed to study available data on the wind-catchers. It was found 

that, currently, to increase the total air flow rate the number or sizes of wind-catchers, 

that have been applied in a building are increased. By increasing the number and the size 

of wind-catchers the material waste, labour requirement, and needed for maintenance 

increase. In addition, most of the wind-catchers become inefficient when the outdoor 

wind velocity is less than 3 m/s. 
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Traditional wind-catchers have been used in areas with higher outdoor temperature than 

the UK; but they can provide acceptable indoor air condition. However as the climatic 

condition in the UK and Middle-East are totally different, it is impossible to use identical 

wind-catchers in the UK. These climatic differences have influenced the design of 

contemporary wind-catcher in the UK. The form of opening are the differences between 

traditional and modern wind-catchers.  

The form of wind-catcher openings are highly affected by climate condition. In 

traditional design of wind-catchers, as been used in the hot and dry regions, wind-

catchers have big vertical vents. But as in the UK because of rain issues, modern wind-

catchers have several oblique horizontal louvres which affect the wind-catcher’s 

performances. 

It was also found that although applying wind-catchers has become common in the UK, 

there is lack of research in order to combine traditional and contemporary wind-catchers 

to achieve better performances. This study focused on the effect of applying vertical 

louvres which have been used in traditional design and horizontal louvres that have 

currently been applied in the contemporary design of wind-catchers and to compare the 

effect of applying these two types of louvres on the wind-catcher’s performances. A new 

form of inlet which is the combination of traditional inlet and modern louvres was 

introduced to improve the efficiency of contemporary wind-catchers (objective 1). 

A predictive model was required to investigate and understand the systems performances. 

A CFD model was used to study the performance of the wind-catcher. Nowadays, CFD 

has been widely applied in order to study airflow in and around buildings. As CFD 

models can provide detailed airflow, velocity distribution and thermal conditions for most 

purposes of ventilation and turbulent flow, CFD results are found to be useful and 

reasonably accurate. CFD has therefore become a reliable tool for further studies in terms 

of natural ventilation in buildings. As the accuracy of CFD simulations highly depend on 

numerical schemes, turbulence models and initial and boundary conditions, it is very 

important to set up a realistic model. To prevent modelling mistakes the model of an 

existing design, which was tested in a wind-tunnel, was created in CFD. As  Phoenics 

was available in the University of Glamorgan and can predict quantitative fluid flow and 

is also able to visualise flow in and around a building, this was chosen for further studies.  
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In the Phoenics model the air flow pattern around and inside the square wind-catcher as 

well as internal wind speed and volumetric airflow rate were studied (objective 2). A 

standard k- ε turbulence model was adapted to the problem and the results obtained from 

the CFD model, were compared to the existing published results of wind-tunnel tests. The 

CFD model was identified as a validated model.  

The results showed the potential ability of wind-catcher to provide and improve overall 

natural ventilation in a building especially when vertical louvres since applying vertical 

louvres increases the airflow rate. 

8.2  Conclusion of validated model with horizontal louvres 

In order to evaluate the performance of the wind-catcher, the initial and boundary 

conditions of the CFD model was based on existing results of published wind tunnel test. 

Same as for the wind tunnel test the performance of a 500 ×500 mm wind-catcher with 

the height of 1500mm connected to the test room was evaluated. In order to validate the 

CFD model, the results were compared to the wind tunnel results and CFD model 

identified as validated model. 

 In the validated model same as the model that was used in the wind tunnel test, the 

performance of the wind-catcher is highly affected by outdoor wind velocity and wind 

direction. By increasing the outdoor wind velocity the performance of the wind-catcher is 

improved while by rotating the wind-catcher structure against prevailing wind 

deteriorates the performance of the wind-catcher. The best performance of wind-catcher 

is achieved when the angle of the prevailing wind blowing to the wind-catcher is set as 

0º. Furthermore, applying horizontal louvres affects the total amount of air entering the 

room. Meanwhile, only some parts of the inlet area to the room are involved in the 

process of air entering the room. Therefore, applying vertical louvres, which traditionally 

have been used in the Middle East was investigated to improve the overall efficiency of 

the system. The next stage of study investigated new design of louvres which is 

combination of traditional and modern wind-catcher. 

 

Key points  

• The performance of the wind-catcher depends on outdoor wind velocity. 
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• The performance of the wind-catcher depends on outdoor wind direction. 

• Quadrant which is positioned  directly in line with the prevailing external wind acts as 

inlet to the room while other quadrants act as extract. 

• Applying horizontal form of louvres affects the air pattern which enters the room and 

consequently affects the air flow rate. 

• Applying traditional form of louvres (vertical form) which is less likely to affect the 

air pattern improves the performance of the system. 

8.3 Conclusion of wind-catcher with vertical louvres 

The new design of wind-catcher consists of a group of deep vertical louvres which could 

provide protection against rain, hail and dust ingress and also could provide shading for 

the air entering the structure. To find the optimum size of vertical louvres four variables 

of width of louvres, number of louvres, depth of louvres and the angle of the oblique 

surface (sloping surface) were studied. 

8.3.1 Width of louvres  

To find the optimum width of louvres, the total opening size remained the same as the 

total opening size of the original model, but the width and the number of vertical louvres 

were changed. The CFD model result reveals that the performance of the wind-catcher is 

improved by increasing the number of louvres and decreasing the width of louvres to 

some degree, and then gradually the opposite phenomenon was observed. The 

improvement of wind-catcher’s performances in terms of airflow rate could be explained 

by the Bernoulli Effect which increases the air velocity as it is forced through a reduced 

area ( narrower area in this case). But gradually the performance of the wind-catcher 

deteriorates because of the form of main partitions which created some obstruction to air 

entry to the wind-catcher’s structure. However, the performance of the wind-catcher with 

the same opening size as the original one with diagonal form main partition improves up 

to 27.3% in terms of airflow rate. This improvement is achieved because vertical louvres 

are less likely to affect the form of air entering the wind-catcher’s structure. Furthermore, 

as diagonal main partition creates a restriction against air entry, the results of this section 



Chapter 7                                                                           Conclusion and recommendation 

 

 120 

predict that better results could be achieved when other forms of main partitions are 

applied.  

Key points  

• Applying traditional form of louvres (vertical form) which are less likely to affect air 

pattern improve the performance of system. 

• Applying vertical louvres instead of a group of contemporary horizontal louvres 

improves the performance of the wind-catcher up to 27.3%. 

• By increasing the number of louvres and decreasing the distance between louvres the 

performance of the wind-catcher improves to some degree and then gradually the 

opposite happens. 

• Diagonal form of main partition creates a barrier against the air entering the column, 

specifically at the edges of the air inlet to the wind-catcher. 

• Better results could be achieved with the same size of opening area when other forms 

of main partitions are applied. 

8.3.2 Angle of sloping surface (oblique surface) 

Applying a sloping (oblique) surface at the base of louvres is vital to prevent rain ingress 

in the structure. The form of air entering the wind-catcher’s structure is more likely to be 

affected by increasing the angle of the oblique surface which deteriorate the performance 

of the wind-catcher . Moreover, by increasing the angle of the oblique surface, the total 

opening size decreases. However, the performance of the wind-catcher with an oblique 

surface (proposed design) is considerably better than the original wind-catcher with 

groups of horizontal louvres (existing design). For example the performance of the wind-

catcher with 15 cm depth and a 35º oblique surface at the base of louvres is 22% better 

than the original wind-catcher with six 35º oblique louvres in terms of total airflow rate.  

 

Key point 

• By increasing the angle of oblique surface at the bottom of louvres the performance 

of the wind-catcher slightly deteriorates.  
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8.3.3  Number of louvres  

To find the optimum number of louvres, a group of models were built. In all models the 

width of louvres remained the same while the number of louvres in each model was 

different. Again, in these models the same phenomenon occurs and the performance of 

the wind-catcher improves to some degree, then gradually vice a versa takes place. In 

these models by increasing the number of louvres the Bernoulli Effect helps to increases 

the wind velocity at the entry to the wind-catcher’s structure but special forms of the 

main partitions (diagonal form) at the edge of the structure do not allow the air to enter 

the wind-catcher’s structure.  

Key points  

• By increasing the number of louvres the velocity of air, entering the wind-catcher 

structure increases. 

•  Increasing the wind velocity at the top of the wind-catcher’s structure affects the total 

airflow rate entering the room. 

• Although increasing the number of louvres increases the air velocity, diagonal form 

of main partitions creates a barrier against the air entering the wind-catcher’s structure 

and consequently affects the total air flow rate entering the room at some point. 

• By applying other forms of main partitions, better results can be obtained even if the 

total opening sizes decrease. 

8.3.4 Depth of louvre  

By increasing the depth of louvres, size and shape of opening remain the same; therefore 

the results obtained from this section do not show any significant influence of louvres’ 

depth on the wind-catcher’s performance. However it should be mentioned that, 

increasing the depth of louvres from 5 to 20cm increases the airflow rate by 3% when the 

wind direction assume as 0º against inlet, and 4% when the wind direction assume as 30º. 

It should be mentioned that the results of this part of simulation can be affected from the 

nature of domain size; by increasing the depth of louvres, distance between domain’s 

inlet and louvres decrease which can affect the results. 

 

Key point 
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• Depth of louvres does not have a significant effect on the wind-catcher’s 

performances.  

• Depth of louvres can vary in different climatic conditions.  

 

8.4 Wind-catcher with different form of main partition 

Applying a diagonal main partition creates a restriction against air entring the room 

especially at the edges of each quadrant. For this reason other form of main partitions 

which traditionally have been used and do not create restriction against air entry at the 

edge of each quadrants were studied. 

8.4.1  Wind-catcher with perpendicular partition 

In the first stage the effect of applying perpendicular main partition on the wind-catcher 

performances was studied. By applying a perpendicular partition the tower of the wind-

catcher is divided into four same size square plan individual shafts. 

Although applying perpendicular partitions does not create any restriction against air 

entry to the wind-catcher’s column, a very bad effect on the wind-catcher’s performances 

is noticed. By applying a perpendicular form of main partition a considerable amount of 

air is exhausted from wind-catcher’s sides before entering the room. Therefore, less 

amount of air is introduced to the room and the performance of the wind-catcher 

deteriorates.  

Key point 

• The performance of the wind-catcher with perpendicular partitions significantly 

deteriorates in comparison to the wind-catcher with diagonal partitions. 

 

8.4.2 Wind-catchers with H shape partitions 

To study the effects of applying H shape partitions on the wind-catcher’s performances, 

the performance of the wind-catcher with the optimum number of louvres, optimum 

width of louvres, louvres’ depth of 15 cm with a sloping surface of 6º at the base of 

louvres and H shape partitions were compared to the same size wind-catcher with the 

diagonal form of main partitions. The results obtained from this model reveal that, the 
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performance of the wind-catcher will improve if the prevailing wind blows head on to the 

bigger segments. If the wind blows on to the smaller segments, the total air supply to the 

room decreases considerably and the performance of wind-catcher deteriorates.   

Key point 

• Applying H shape partitions improve the performance of wind-catchers if the wind 

blows to the bigger segment. 

• Applying H shape partition deteriorates the performance of wind-catchers if wind 

blows to the smaller segment. 

• Applying wind-catchers with H partitions in the areas where prevailing wind usually 

blows from a specific direction is practical. 

• Applying wind-catcher with H shape partition in the area such as the UK where the 

direction of prevailing wind changes is not practical and applying this type of main 

partition makes wind-catcher  inefficient during the time wind blows to the smaller area. 

• Applying wind-catchers with H partitions in the areas where the direction of 

prevailing wind changes in winter and summer will be more practical. It means that if the 

bigger opening area is placed to the direction of prevailing wind in summer, and the 

smaller opening area is placed against the direction of prevailing wind in winter, the 

higher airflow rate could be achieved in summer, when higher ventilation rate is required; 

while in winter the wind-catcher’s structure is more likely to act as a wind tower to 

exhaust polluted and used air from the building. 

8.5 Limitations of study  

The CFD code adapted to the problem was Phoenics and the domain cells were set as 

rectangular. Although, Phoenics provides acceptable results (especially when the initial 

wind velocity range from 2-5 m/s), better results may be achieved if the domain cells are 

set as triangle. Whereas applying trianglular cells required a greater computer effort and 

time. 

As in the new design of wind-catchers a group of vertical louvres were applied, by 

increasing the depth of louvres, the wind-catcher’s louvres become closer to the domain 

inlet which could affect the results of simulation. 
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8.6 Recommendations for further study 

During this study many different area of interest relating to this new design of wind- 

catcher has been distinguished which can be summaries as follow: 

• Applying more sophisticated turbulence model than standard k-ε and study its effect 

on the percentage of errors between CFD and wind tunnel test results especially at higher 

wind speed. 

• Study the effects of applying other form of main partitions (H shape or + shape) on 

existing design of modern wind-catcher in the UK.  

• Studying the effects of stack effect on the performance of existing design of wind-

catcher in the UK. 

• As in the UK, temperature difference between day and night is not as much as the 

areas where traditional wind-catchers are used, and since low thermal mass materials 

have been used in modern wind-catchers, wind is usually considered as the main running 

force. But it would be useful to study the effects of buoyancy forces on the performance 

of modern wind-catchers with vertical louvres, in both the UK and Middle East.  

• Studying the effects of shading which have been provided by applying vertical 

louvres on wind-catcher’s performances. 

• Studying the effect of applying high thermal mass materials in the structure of 

vertical louvres and its effects on the efficiency of thesystem. 

• Studying the effect of applying acoustic material in the structure of vertical louvres. 

• Studying the effect of applying thinner vertical louvres with less distance between 

louvres when other forms of main partitions are applied. 

• Determining the optimum size and number of louvres when H shape partitions are 

applied. 

• Investigating the performance of the rectangular plan wind-catcher especially when H 

shape partitions are applied.  

• Determining the optimum size of louvres’ depth for different climatic condition, 

according to the outdoor wind velocity and annual amount of rain. 

• Studying the performance of new design of wind-catcher in an open plan wind-tunnel 

where the results of experiments are less likely to be affected by the nature of domain. 
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• Post occupancy of new design of wind-catcher evaluation, because post occupancy 

evaluation helps to validate the performance of new systems. 

• As this study is an initial attempt to enhance modern design of wind-catcher by 

applying traditionl design and  CFD model was used as a tool to check the effect of this 

new combinntion of new and modern design 2D model was applied however applying 3D 

model will be usfull for further study  

• Studying the effects of applying a rain collector at the base of wind-catcher (see 

Figure  8-1) on wind-catcher performances in the area, where depth of louvres could not 

provide enough protection against rain ingress. (Initial study regarding this idea has been 

presented in Appendix C). 

  

Figure  8-1: Proposed design for wind-catcher with rain collecto



References and bibliography 

 

 126 

 

9 References and bibliography  

A'ZAMI, A. (2005) Badgir in traditional Iranian architecture. International Conference 

of Passive and Low Energy Cooling for the Built Environment. Santorini, Greece 

 ABOUEI, R. (2006) Conservation of Badgirs and Qanats in Yazd, Central Iran. 

PLEA2006,The 23rd Conference on Passive and Low Energy Architecture. Geneva, 

Switzerland, Vol. 2,. pp585-602. 

ABOUNAGA, M. M. & ALTERAIFU, A. M. (1998) Air Flow Patterns of Roof Solar 

Chimney for Cooled Natural Ventilation in Low rise Building in Hot-Arid 

Climates. . The 23rd  National passive solar Conference Proceeding of the 23rd  

National Passive Solar Conference, 23, 93-98 .Quoted in Elmualim AA (2003) 

Evaluating the Performance of Wind-catchers for Natural Ventilation, PhD thesis, 

the School of Construction Management and Engineering, The University of 

Reading. 

AGRAWAL, P. C. (1988) A review of passive systems for natural heating and cooling 

of building. healthy building 88. Stockholm, Sweden. 

ALLARD, F. (Ed.) (1998) Natural ventilation in buildings : a design handbook 

London: James & James. 

ALLARD, F. & CHIAUS, C. (Eds.) (2005) Natural Ventilation in Urban Environment: 

assessment and design, London: Earthscan. 

ANDERSON, J. R. & JOHN, D. (1995) Computational Fluid Dynamics: the basics 

with applications, London: McGraw-Hill. 

ASHRAE. (1985) natural ventilation and infiltration. fundamental hand book .Ch.22. 

Atlanta,, American Society of Heating, Refrigeration and Air-Conditioning 

Engineers. Quoted in Allard F. (1998),. Natural ventilation in buildings, a design 

hand book,. London: James & James. 

ASIMAKOPOULOS, D. & SANTAMOURIS, M. (2005) Passive cooling of buildings, 

London: James and James science publishers. 

AWBI, H. (1991) Ventilation of buildings, London: Spon  



References and bibliography 

 

 127 

BADRAN, A. A. (2003) Performance of cool towers under various climates in Jordan 

Energy and Buildings, 35 (10), 1031-1035. 

BAHADORI, M. N. (1985) an improved design of wind tower for natural ventilation 

and passive cooling. solar energy, 35 (2), 119-129. 

BAHADORI, M. N. (1994) Viability of wind towers in achieving summer comfort in 

the hot arid regions of the Middle East. . Renewable Energy 5 (8), 879-892. 

BAKER N, S. K., E. & F. N..  LONDON, (2000) Energy and environment in 

architecture : a technical design guide, London: E. & F. N. Spon. 

BANSAL, N. K., MATHUR, R. & BHANDARI, M. S. (1994) A study of solar 

chimney assisted wind tower system for natural ventilation in buildings. Renewable 

Energy, 29 (4) 495-500. 

BASARA, B. & ALAJBEGOVIC, A. (1998) Steady State Calculations of Turbulent 

Flow Around Morel Body. The 7th Int. Symp. On Flow Modeling and Turbulence 

Measurements. Taiwan. 

 

 

BATTLE MCCARTHY CONSULTING ENGINEERS (1999) Wind towers, 

Chichester: Academy. 

BRE, B. R. E. (1999) Monodraught UK Ltd, . Trade literature. Bedford: BRE. 

BRITISH STANDARD (B S) (1980) Code of practice for design of buildings: 

Ventilation principles and designing for natural ventilation (5925). British 

Standards Institution. 

CIBSE (1997) Natural ventilation in non-domestic buildings, London: Chartered 

Institution of Building Services Engineers. 

DE GIDDS, W. & PHAFF, H. (1982) ventilation rates and energy consumption due to 

open windows. Air infiltration review, 4(1). 

EDWARDS, B. (1995) Towards sustainable architecture : European directives and 

building design, Oxford: Butterworth Architecture. 

EDWARDS, B. (2005) Handbook of domestic ventilation,, Oxford: Butterworth-

Heinemann. 

ECOFRIEND (2005) Wind-catcher: Let your house ventilate naturally. Available at: 



References and bibliography 

 

 128 

http://www.ecofriend.org/pics/ibc_wind-catcher_design_of_1857.jpg  [Accessed at: 

4/01/07] 

ELEYASSOCIATES (2004) commercial building guidelines for energy efficiency. 

Hawaii: RTD 

ELMUALIM, A. A. (2003) Evaluating the Performance of Wind-catchers for Natural 

Ventilation, PhD thesis,. School of Construction Management and Engineering,. 

Reading:  University of Reading. 

ELMUALIM, A. A. (2006) Verification of Design Calculations of a Wind-

catcher/Tower Natural Ventilation System with Performance Testing in a Real 

Building. International Journal of Ventilation, 4(4), 393-404. 

ELMUALIM, A. A. & AWBI, H. B. (2002a) Wind Tunnel and CFD Investigation of 

the performance of wind-catcher ventilation systems International Journal of 

Ventilation, 1, 53-64. 

ELMUALIM, A. A. & AWBI, H. B. ( 2002b) Full scale model wind-catcher 

performance evaluation using a wind tunnel. the World renewable energy congress 

VII,. Cologne, Germany. 

ELMUALIM, A. A. (2003) Evaluating the Performance of Wind-catchers for Natural 

Ventilation, PhD thesis,. School of Construction Management and Engineering,. 

Reading:  University of Reading. 

ETHERIDGE, D. & SANDBERG, M. (1996) Building ventilation: theory and 

measurement, Chichester: Wiley. 

FARIJA, G. M. (1996) wind induced natural ventilation for wind tower houses in 

Maritime desert Climates with special reference to Bahrain, PhD thesis,. School of 

Construction Management and Engineering. Reading: University of Reading . 

Quoted in Elmualim AA (2003) Evaluating the Performance of Wind-catchers for 

Natural Ventilation, PhD thesis, the School of Construction Management and 

Engineering,  Reading: University of Reading. 

FATHI, F. (1986) Natural Energy and Vernacular Architecture, Principles and 

Examples with Reference to Hot Arid Climates, Japan: United Nations University 

Press 



References and bibliography 

 

 129 

GAGE, S. A. & GRAHAM, J. M. R. (2000) Static split duct roof ventilators. Building 

Research & Information, 28(4), 234–244. 

GHAEMMAGHAMI, P. S. & MAHMOUDI, M. (2005) Wind tower a natural cooling 

system in Iranian traditional architecture. International Conference “Passive and 

Low Energy Cooling for the Built Environment”. Santorini, Greece. 

GHOBADIAN, V. (2006) Climatical investigation of traditional Iranian buildings 

Tehran: Tehran University press. 

GREENBUILDER (2008) Passive Solar Guidelines. Available at: 

http://www.greenbuilder.com/sourcebook/PassSolGuide3.html [Accessed at: 

10/05/08] 

GREEN HOUSE CATALOGE (2004) Available at: 

http://www.greenhousecatalog.com/images/Base-Vent-HV-20.jpg  [Accessed at: 

12/05/08] 

HAJI-QASSEMI, K. (Ed.) (2000) Yazd Houses, Tehran: Tehran University Press. 

HARRIS, D. J. & WEBB, R. S. (1996) Wind towers–old technology to solve a new 

problem. The 17th AVIC Conference. Optimum Ventilation and Air Flow Control in 

Buildings. Gothenburg, Sweden. 

HARWOOD, J. A. (1998) An evaluation of wind-catcher ventilation performance in 

the British climate, M. Sc. Thesis. Cardiff school of architecture. Cardiff: Cardiff 

university. 

HASTINGS, S. R. (Ed.) (1994) Passive solar commercial and institutional builings: a 

sourcebook of examples and design insights, Chichester: Wiley. 

HE, W. (1999) Power-Generation Characterisation of Molten Carbon at Fuel- Cell 

Stacks By Using Computational Fluid Dynamics Technique. Part 1: Modelling 

equation Dynamics and Program Implementation. International Journal of Energy 

Research., 23, 1345-1357. 

HEISELBERG, P. (2002) Principles of hybrid ventilation., Aalborg: Aalborg 

University, Hybrid Ventilation Centre. 

HONOLULU:. Economic Development and Tourism. Energy, Hawaii: Dept. of 

Business,  Resources& Technology Division. 



References and bibliography 

 

 130 

HUGHES, B. R. & GHANI, S. A. A. A. (2008) Investigation of a windvent passive 

ventilation device against current fresh air supply recommendations. Energy and 

Buildings, 40, 1651–1659. 

HUGHES, B. R. & GHANI, S. A. A. A. (2009) A numerical investigation into the 

effect of wind vent dampers on operating conditions. Building and Environment, 

44, 237–248. 

HUMPHREYS MA. (1978)  (J CIB) (1978) Outdoor temperatures and comfort indoors. 

Building Research and Practice 6(2), 92-105, Quoted in Roaf S. (2001). Ecohouse, 

a design Guide, Oxford: Architectural press. 

JONES, P. (1997) Naturally ventilated buildings. IN CLEMENTS-CROOME, D. (Ed.) 

London: E& FN Spon. 

KARAKATSANIS, C., BAHADORI, M. N. & VICKERY, B. J. (1986) Evaluation of 

pressure coefficients and estimation of air flow rates in buildings employing wind 

towers. 37. 

KONYA, A. (1980) Design Primerfor Hot Climates, London: The Architectural Press. 

LI, L. & M, C. M. M. C. (2007) The assessment of the performance of a wind-catcher 

system using computational fluid dynamics. Building and Environment 42, 1135-

1141. 

LIDDAMENT, M. (1996) A Guide to Energy Efficient Ventilation, Coventry: Air 

infiltration and ventilation centre. 

LITTLER, J. & THOMAS, R. (1984) Design with energy: the conservation and use of 

energy in buildings, Cambridge: Cambridge University Press. 

MAGILL ARCITECTURAL (2008) Louvers. Available  at: 

http://www.mcgillarchitectural.com/louvres_acoustic.html  [Accessed at: 17/05/08] 

MARTIN, A. J. (1995) Control of natural ventilation (technical note TN11/95), 

Bracknell: BSRIA. 

MONODRAUGHT (2003) wind-catcher. Buckinghamshire: Monodraught  Ltd. 

MONODRAUGHT (2006) wind-catcher, natural ventilation systems. 

Buckinghamshire: Monodraught Ltd. 



References and bibliography 

 

 131 

MONTAZERI, H. & AZIZIAN, R. (2008) Experimental study on natural ventilation 

performance of one-sided wind-catcher. Building and Environment 43 (12), 2193-

2202. 

MURAKAMI, S. (1997) Current status and future trends in computational wind 

engineers. Journal of Wind Engineering and Industrial Aerodynamics, 3(34). 

NGUYENLE, A. & ISHII, M. (1999) Three dimensional analyses of Turbulences 

Steam Jets in Enclosed Structures: A CFD Approach ASME Pressure Vessels and 

Piping. 2nd International Symposium on Computational Technologies for 

Fluid/Thermal/Chemical Systems with Industrial Applications. 

NI RIAN, C., KOLOKTRONI, M., FISHER, J., M, M. W. & LITTLER, J. (1999) 

Cooling Effectiveness of Sout Faced Passive Stacks in Naturall Ventilated Offices 

Building. Indoor  Built Environment, 8, 309-321. 

OUGHTON, D. R. & HODKINSON, S. (2002) Faber and Kell's heating and air-

conditioning of buildings, Oxford: Butterworth-Heinemann. 

POLYMIL (2008) Available at: 

http://www.polymil.com/Item_10/x_louvre_adj_blade.html  [Accessed at: 

12/05/08] 

PYRNIA, M. K. (1981) Acquaintance with Iran Islamic Architecture, Tehran: Tehran 

University press. 

RANDAL, T. (2002) Environmental design: an introduction for architects and 

engineers, London: E & FN Spon. 

RENEWABLE ENERGY SOURCES (1994) Natural and low energy cooling in 

buildings Brussels, Brussels, European Commission Directorate-General Energy. 

ROAF, S. (1982) Living with the desert : working buildings of the Iranian plateau. IN 

BEAZLEY, E. & HARVERSON, M. (Eds.) Warminster: Aris and Phillips . 

ROAF, S. (1988) The wind-catchers of Yazd. Oxford Polytechnic Department of 

Architecture, Oxford. 

ROAF, S., CRICHTON, D. & NICOL, F. (2004) Adapting Buildings and Cities for 

Climate Change: A 21st Century Survival Guide, Oxford, Architectural press. 



References and bibliography 

 

 132 

ROAF, S. (2005) Air-conditioning avoidance: lessons from the wind-catchers of Iran. 

International Conference “Passive and Low Energy Cooling for the Built 

Environment. Santorini, Greece. 

 

ROAF, S. (2007) Ecohouse, Oxford: Architectural press. 

SAMI, V. (2003) Applying Computational Fluid Dynamics to Analyze Natural 

Ventilation & Human Comfort in building. 23rd RSES Annual Conference. Austin, 

Texas, America's Secure Energy. 

SCHIANO-PHAN, R. (2004) Cooling systems: principles and solution. Summer 

Academy for Mediterranean Solar Architecture 2004 (SAMSA 2004). Rome. 

SHARAG-ELDIN, A. (1994) Wind direction sensitivity analysis of wind tower. The 

19th National Passive Solar Conference (Passive 94). 

SMITH, B. J., PHILLIPS, G. M. & M E SWEENEY(1983) (1983) Environmental 

science, London: Longman  

SOFLAEE, F. & SHOKOUHIAN, M. (2005) Natural cooling systems in sustainable 

traditional architecture of Iran. international Conference “Passive and Low Energy 

Cooling for the Built Environment”. Santorini, Greece. 

SUSTAINING TOWERS (2004) Tower blocks.  Available at : 

http://www.sustainingtowers.org/SOA-present.htm [Accessed at: 10/05/08] 

TSUCHIYA, M. MURAKAMI, S. MOCHIDA, A. KONDO,K. ISHIDA, Y. (1997) 

Development of a new k-e, model for flow and pressure fields around bluff body. 

Journal of Wind Engineering and Industrial Aerodynamics, 67(169) 

YAGHOUBI, M. A., SABZEVARI, A. & GOLNESHAM, A. A. (1991) Wind towers: 

measurement and performance. Solar Energy 47, 97-106. 

YOUNG, A. D. (1989) Boundary layers, Oxford, BSP Professional Books 

YUEHONG, S. U., RIFFAT, S. B., LIN, Y. & KHAN, N. (2008) Experimental and 

CFD study of ventilation flow rate of a MonodraughtTM wind-catcher. Energy and 

Buildings, 40, 1110–1116. 

WEBSTER, A., YU, M (1998) Enclosures and environments. Available at:  

http://www.columbia.edu/cu/gsapp/BT/EEI/MASONRY/39larkin.jpg  [Accessed at 

:12/05/08



Appendix A 

 

 133 

Appendix A: Phoenics setup: 

In this part setting up of the Phoenics model is shown. 

 

Figure A - 1: Grid mesh settings 

 

Figure A- 2: model setting  
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Figure A _3: numeric’s set
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Appendix B: Error analyses   

As can be seen in Figure B-1 a larger errors were observed  when the initial wind 

velocity is set as 1m/s and 6 m/s when the direction of prevailing wind is defined as 

0º ahead the inlet and there is very good agreement between results obtain from the 

model with initial wind velocity of 2, 3 and 4 m/s. In addition when initial wind 

direction set as 30º again reasonable results achieved. 
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Figure B -1: comparison between the results of wind tunnel test and CFD model. 

 

To avoid simulation error the initial and boundary condition of CFD model was 

based on existing published results of wind tunnel test. 

Furthermore to minimise simulation error, grid and iterative convergence was 

checked.     

Another parameter which could affect the accuracy of CFD model is the 

turbulence model in this study standard k-ε model was chosen as turbulence model.  

Applying k-ε model can introduce some errors because in this model the turbulence is 

assumed as isotropic which is not true of highly recalculated flows (Elmualim, 2003).  
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In case of this model as in higher wind speed, higher turbulence is produced and 

higher turbulence itself produces higher recirculation, and as standard k-ε model 

assumed  model as isotropic it caused larger error percentage in higher wind speed. 

In addition, although applying k-ε model as the turbulence model provide 

acceptable results, due to the over- production of turbulence energy k around the 

frontal corner of bluff body it may cause some error especially at higher wind speed. 

According to (Tsuchiya et al., 1997): 

“It is well known that applications of the standard k e, model to flow fields around 

bluff shaped bodies, often yield serious errors such as overestimation of turbulence 

kinetic energy k in the impinging region” 

Figure B-2 shows the comparison between the air pattern when wind tunnel and 

k-ε model are applied: 

FigureB-2: Comparison of k around a bluff 

 

 

Measurement error in wind tunnel test could be identified as another source of error 

between experimental and simulation results specially at lower wind speeds. Due the 

difficulty in measurement of low speed wind at lower area of wind-catchers, the results of 

wind tunnel test may be affected.  
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Appendix C 

Initial design: 

In this design only a sloping surface applied in the base of louvres to conduct rain to 

the outdoor are 

 

 



Appendix C 

 

 138 

 

In this design two group of sloping surface is applied to prevent water 

ingress
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Movable partition 

 

In this design the main partition can be move depends on outdoor temperature. For 

example in winter main partition set as perpendicular form to introduce minimum 

amount of fresh air, and in summer main partition set as diagonal form to increase 

total amount of fresh air introduced to the building. But this idea does not seam 

practical, because applying movable components increase the total price and 

increase repair requirements.  
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Optimum design 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix C 

 

 142 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Optimum design 

 

 

 

 

 

 

 

 

 

 



Appendix C 

 

 143 

Suggestion for further studies: 

 

Study the effects of applying H shape partition in wind-catcher with vertical louvres, 

when the total sizes of shafts are equal. And find the optimum size of each quadrant 

when H shape partitions are applied if applicable. 
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Wind-catcher with rain collector 

This wind-catcher can be applied in area where the depth of louvre can not provide 

enough protection against rain ingress. 

 

Here is an initial investigation of this idea through CFD model and require further 

evaluation. 

 


