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Abstract: Windcatchers are part of the building structures, in the past, Buildings and cities have been 
used in the desert areas with hot-dry and warm-humid climate. The main purpose of these structures, in 
addition to gracing the, has been Induction of outside air flow into the interior of the building and 
creating natural circulation of air in it in the absence of mechanical ventilation systems. Windcatcher 
with the proper absorption of outside airflow and directing it to the following space acts as a passive 
natural ventilation system. In this paper the details of intake air speed into the windcatcher have been 
investigated in comparison to the mass flow rate of intake air in to the building with different air 
speeds during the day. Wind speed mass flow is investigated with wind speeds in different directions 
and with different angles relative to the original windcatcher sides, and considering the maximum and 
minimum air temperature. Order to design and proper orientation of the device to control wind speed 
and airflow windcatcher inside the building, environmental conditioning to provide for life and make 
maximum use of natural energy  
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INTRODUCTION 

 
Windcatchers are small towers that have been used for natural ventilation of buildings in hot and arid 

regions of Iran from ancient times. With the wind blowing air into the column by windcatcher, Heat is 
transferred to the inner wall of windcatchers and finally cool air enters the building. The main advantage of 
windcatcher is air-cooling without applying electrical energy. In traditional Windcatchers inlet air temperature 
to the building through windcatchers is nearly equal to the environment temperature. For example, at 3 pm on a 
warm summer day when the temperature is 37 °C, Inlet air temperature inside the building is approximately the 
same temperature. This temperature cannot provide thermal comfort for residents inside the building. The only 
factor to lower the temperature in the windcatcher is the low temperature at night and thermal radiation of 
exterior walls of the windcatcher to the sky, the cooling energy storage in building mass of windcatcher can be 
used in the next day. Due to the limited mass of building materials of windcatcher, this energy storage is 
limited, Due to high levels of heat transfer and mass flow of air; this stored energy is taken out shortly 
thereafter. When wind speed is low, windcatcher is unable to provide the air needed for cooling comfort, and if 
the wind is not blowing, only in the early hour’s Small amount of air flow due to buoyancy forces entered the 
building. In areas where favorable wind has no particular direction the three or four-way windcatchers are used. 
Some of the air that enters the windcatcher from one opening exits it from another opening. That’s why a 
considerable amount of air that should enter the building is wasted. 

 
Categories Or Types Based On Plan Forms: 

In Iran, wind catchers have been recognized in a variety of forms and plans (figure. 1) such as circle, 
Octagon, polygon, square and oblong. However, no triangular form has yet been recognized or located 
anywhere in the Middle East. Wind catcher with a circular plan or form is very rare and such type of wind 
catcher does not exist in Yazd. The square form is the type used in the four directional wind towers in Yazd. 
The rectangular forms consist of one, two, four directional wind towers. Partitions are component in wind 
towers, which divide it into several shafts. They are built of mud brick. These partitions form a plane grid of 
vents ending to a heavy masonry roof on top of the tower. Partitions can be classified into main partition and 
secondary partitions. Main partitions continue to the centre of the tower, forming a separate shaft behind the 
vents. These partitions often start between 1.5-2.5 m above the ground floor level. The patterns of the partitions 
vary from tower to tower, but the most commons are in forms of H, diagonal and I. Secondary partitions remain 
as wide as the external wall, about 20-25 cm. A shaft can be subdivided by a number additional partitions 
performing either structural or thermal role. These can separate the tower, respectively into two or four shafts. 
Partitions divide wind tower into small shafts to increase air motion according to “Bernoulli effect”. Airflow 
rate increases when air passes through narrow section. Such an arrangement also provides more surfaces in 
contact with the flowing air, so that the air can interact thermally with the heat stored in the mass of these 
partitions. They function as fins of radiator because mud brick partitions give back stored heat during the night 
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and are good in absorbing heat. Contact between warm wind and mud brick partitions can transfer heat to the 
partitions, thus wind with less heat will enter the space. 

 
Fig. 1: Categorization of wind catchers 

 
Evalution Of Performance Windcatchers: 

The Section of a traditional wind catchers, Selected for study. Wind catcher has been consisted of; from 
head of windcatcher, the column of windcatcher and valve directing air into the building. 1 to 5 points 
respectively are: Midpoint, Openings on the windcatcher, beginning of the windcatcher column, end of the 
windcatcher column, Midpoint of the elbow deflector, Midpoint of the air inlet to the building. (Figure 2) 

Simultaneously with a blowing of wind, Air enters the openings above the funnel into the column. In the 
middle of this column, there is a thin wall with a main task; it creates pressure to reduce the wind out of the 
openings behind the wind catcher. This wall starts at the top of wind catcher and continues down the column. 
Traditional windcatcher column cross section (Figure 2) can be considered cut (x-x). 
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Fig. 2: The Section of a traditional wind catcher 
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The Air Flow In Day And Night: 

Wind speed is one of the most important factors for windcatcher. Using natural wind flow, indoor air can 
be brought into motion. Figure 3,4 shows air flow in day and night, When no wind is blowing. At night and in 
the absence of wind, the wind catcher, like a fan, brings outside cooler air into the building through the 
windows. After receiving the temperature from the walls of  windcatcher and building,the air is heated and goes 
out through the openings on the windcatcher. The cooling of building and windcatcher is due to the entrance of 
cool air into them. During the day and in the absence of wind, windcatcher acts in the opposite Chimney 
direction. Thus the outside hot air in contact with the walls of the funnel, which is cooled during the night 
before, transfers its heat and after cooling pulled into the building, and finally is removed through the doors and 
windows of the building. The amount of stored energy is limited in the body of the deflector, due to its low 
mass and specific heat  For this reason, the natural flow of air (due to stack effect or buoyancy force) was 
limited from the outside into the building through the funnel and it is possible only a few hours in the morning  
Thus, we can say that in the absence of wind, wind catcher do not play an important role. The wind blows 
creates pressure between the windcatcher openings and windows in the building that causes air flow to the 
building  This difference in pressure is such that most windcatcher, air enters the building through the openings 
on top of the windcatchers and exits through the doors and windos of the building and deflectors.however it is 
possible to choose the position of the windcatcher in regards to the building and its main copmponents in a wat 
that the difference in pressure, caused from the wind affect, brings the air into the building through the doors 
and windows and lets it out through the wind catcher.in this way the windcatcher plays the role of a chimney 

Inlet air temperature caused by heat transfer between the buildings funnel air through the funnel and inner 
walls of the funnel structure, gets changed. Wind catchers overall performance is considered significant in two 
modes : 

 
The Wind Speed Is Zero: 

At night due to low ambient temperature and without heat radiation from the surface of external walls to 
the sky, wind cold energy is stored in the building. In the early hours of the next morning, outside air in contact 
with cold surfaces of windcatchers cold and gets brought down due to the buoyancy force. Thus, some cool air 
enters into the building. In early night as the windcatcher’s wall are not the density of the air inside the column 
is less than the ambient air, This difference in density causes, the air inside the funnel to be directed upward. 
Thus, the air flows from inside the courtyard to the room and then moves into the funnel and the cools chamber 
walls and surfaces of the deflector. 

 
The Wind Is Blowing With A Suitable Speed: 

when the wind is blowing, Different coefficients of the wind pressure in various openings of the head of the 
windcatcher and windows in the room is created which funnel and its rate depends on the wind direction. Air 
with positive coefficients enters into the windcatcher and exits from windows or doors and windows with 
negative pressure coefficients. A windcatcher built in a place the keeps its summer sitting cool, with respect to 
the extent and location of the house. 
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Fig. 3: traction and suction in wind-catcher 
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Fig. 4: Wind-catcher function during the day and night 

 
Environmental Factors To Determine The Air Flow In The Traditional Wind Catchers: 

The effect of wind on a building, the wind pressure on surfaces against the wind is more than the surfaces 
which are located at the back or parallel to the wind. The surface pressure parallel or back to the wind is less 
than atmospheric pressure. The wind pressure can be indicated with the following relation  

 
 Pw = cp Vo2                                                                                                                                                                                                                    

 
Temperature and mass flow of intake air to the building are dependent on many factors, which can be 

divided into two general categories: 
 

Climatic And Environmental Factors: 
Including (ambient air temperature, solar radiation, and maximum difference between day and night 

temperature, the wind speed and direction). 
 

Geometric Factors:  
These factors include windcatcher heights, dimensions, crosswind, cross wind in the form of ducts into the 

area, the number of inlet openings and the wind deflector resistance to air flow in windcatcher. Considering the 
above factors, the parameters in the equations of continuity, as a parameter in the energy continuity equation, 
we can specify the distribution of wind speed and temperature in different parts, Temperature and mass flow of 
air into the building and set out windcatcher. To determine the temperature changes in the windcatcher, Air 
velocity in the deflector must be specified. Air speed in the funnel, to a large extent, depends on the inner 
surface temperature of the windcatcher wall. Then after solving the continuity equation and the buoyancy 
potential and pressure drop, we can obtain the air speed and temperature in that point and compare it with the 
estimated rate. 

 
Air Velocity Distribution In The Windcatcher: 

To determine the mass flow of intake air to the building, And also calculate the displacement amount of 
heat transfer coefficient (h) within the funnel, we should know wind speed and wind direction at different 
points. So you get the drift potential of air deflector and then we calculate the air pressure reduction in the 
windcatcher. 

Using these two values and the law of continuity, we obtain the velocity at different points. Drift potential 
air along the windcatcher is created from the difference of air pressure between the mouth of the funnel inlet 
and outlet from the windows and doors of the building 

This pressure difference can be written as the following equation : 
 

 ΔPa = (Cpi – Cpe) Vo2                                                                                                                      
    

In this regard, the wind pressure coefficient Cpi and Cpe in the mouth of the funnel inlet and outlet air from 
the windows or doors of buildings and p and v, respectively are , the air density and wind speed. C in the 
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direction of the wind or the wind blowing toward the building is positive, and behind buildings or in the wall 
parallel to the wind or when the wall is in the shadow of  another wall, is negative 

Changes in the direction of wind from the wind catcher causes the value of C to change while entering and 
exiting the windcatcher.the following relationship is defined as C : 

 
 Cp =                                                                                                                                                 

  
In this regard, P and Ps, respectively are, pressure at the measured level and static pressure. The average is 

values of Cp for openings around the windcatcher and building. Wind pressure coefficients in the openings of 
buildings or homes (such as doors and windows) depends heavily on the wind shadow effect through walls or 
objects around the house, So that when the walls have openings as much as 8 times the height of the walls, 
From the shadow of the wind, for these openings abandoned. Therefore, Cp coefficient for vents around the 
house or building,which depends heavily on the distance between the walls, adjacent buildings and the tree. The 
designer should have the knowledge and experience, be careful enough in choosing the coefficients. Creating a 
wind shadow effect can be largely reduced the amount of Cpe and kept this value negative. 

 
Air Pressure In Different Parts Of Windcatcher: 

Air pressure are  in the inlet openings, and the deflector, the air conduction curve and knees to the building 
and the air outlet vents or windows of buildings. Using fluid mechanics laws and relations pressure drop can be 
calculated. The pressure drop can generally be divided into two modes dynamic and friction. 

Dynamic loss is calculated as follows : 
 

 id =  Ki v2
i                                                                                                                                                                                                                       

  
In this calculation, ΔPid are dynamic pressure drop for the elbow and the air inlet and outlet valves.Ki is the 

pressure drop coofficient-wich can be found in skew duals and curves. In this regard, I and p are the air 
moderate density and air velocity at the elbow and the valve. 

 
Friction drop is obtained from the following relationship : 
 

 f = f                                                                                                                                                 
  

In calculating the friction drop coefficient of friction f, L and d are Hydraulic diameter and channel length, 
respectively, And v is the average velocity of air in the channel. in the wind catcher due to low air speed, the 
friction drop loss is usualy low. In the calculations, only the air pressure in the main column of wind is 
calculated. So in the above equation, the length L is equal to the height of the windcatcher. Assuming that total 
pressure drop in different parts of the mouth of the funnel is equal with buoyancy potential, we can quickly gain 
the velocity in the input or windcatcher column. Knowing cross-section of the different parts of the deflector 
and using the continuity law , the velocity distribution can be calculated. In traditional windcatchers, wind 
enters from the number of openings (one or two openings) into the funnel, And sends out of other openings (two 
or three openings) and the doors and windows of buildings. To gain entrance to the building and the air mass 
flow rate in duct air deflector, the deflector can be used to create a flow network. The overlapping circles (or 
trial and error) are usually used to slove network problems. Figure 2 shows a cross section of a conventional or 
traditional funnel. Dimensions shown in this figure is considered a moderate windcatcher. The effective height 
of the column is 6m and the cross section dimentions of the wind deflector are 2 × 1 m. wind speed is 5 meters 
per second, and direction of wind is 45 degrees. Splitter blade profiles of the ducts in the windcatcher is 
according to Figure 2.The height of air inlet valves is 1/5 m and the air inlet to the building is 2×./6 meters. 

 
Conclusion: 

Figures 5 to 7 show the results in a cross-section and dimensions shown on the windcatcher (wind 
medium), And shows a maximum and minimum temperatures in the absence of outside air 35/7 and 17/7 ° C 
and air filter coefficients are  Kt = ./71. In Figure 5, Inlet air temperature to the building of a traditional 
windcatcher for wind speeds of  5 and 10 meters per second and different wind direction is almost equal to the 
outside air temperature. Figures 6 and 7, shows Mass flow of air for different wind speed and directions from 
windcatcher to building. As also seen in these figure, When wind speed is zero air mass flow in the windcatcher 
is very low, And from about 2 to about 8 am the next morning, Airflow is upward in the windcatcher, And from 
about 2 to 8 am, Air flow is downward. This air flow is due to the buoyancy force. In addition, Figures 6 and 7, 
show that with increasing wind speed, intake air mass flow increases to the building, And doubling the speed, 
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Mass flow is also nearly doubled, And if the angle of wind side of the main deflector, the angle is 45 degrees, 
Mass flow is more than the time when the wind direction’s angle is zero degrees. When the wind angle is 90 
degrees and wind blows perpendicular to the smaller funnel windcatcher, air flow is reversed in the windcatcher 
plays a role of wind ventilation. So the air flows from the room towards the windcatcher, in this situation as the 
wind speed doubled air mass flow is also nearly doubled. 
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Fig. 5: Air temperature, the entrance to the building at different hours a day in a traditional windcatcher 
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Fig. 6: to the intake air mass flow in buildings Mhtlf hours a day in a traditional wind (wind speed of zero and 5  
            meters per second) 
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Fig. 7: intake air mass flow into the building at different hours a day in a traditional wind (wind speed of zero  
           and 10 meters per second) 
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