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Abstract: Wind-catchers are used to provide comfort in hot and dry climates. Many studies focused on 
the wind- catcher element features, such as height, type or the cross-sectional area of the wind-catcher 
and the studied wind-catchers were directly connected to the space. In Kashan, earth ducts are part of 
the wind-catcher system. But there are few researches conducted on the integration of wind-catcher with 
the earth ducts system and its effects on the mean indoor air temperature. Therefore, in this study, the 
effect of four-way wind-catcher system integrated to earth ducts on the mean temperature of the 
basement (Sardab) was analyzed by the CFD software. The K-epsilon method was used to solve the 
number. The numerical method by CFD software were compared with the results of the field method data 
to validate the results. After validation, it was determined that the temperature of 42°C of the incoming 
wind after passing through the system enters the basement with a temperature of 24°C and brings the 
mean temperature of the basement to 32°C. The circulation of the air from yard to basement causes hot 
air to replace in the basement, then passes through the other earth ducts and reduces the mean indoor 
temperature. 
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1. Introduction
Wind catchers, are passive cooling systems have been used for centuries in hot and arid climates of Iran 
and neighboring countries (Karakatsanis et al, 1986). They located on the roof of buildings and captures 
the outdoor wind and directs it to the interior (Calautit et al, 2014). Wind catcher was oriented to the 
prevailing winds to cool the connected Sardab space. In Kashan, which is located in hot and arid climate 
with high temperatures in summer, wind catchers are integrated to earth ducts (Nay-kesh) to cool Sardab 
space. Nay-Kesh is a burried ventilation duct. The outside warm air flows down the wind catcher and after 
passing the earth ducts enters the Sardab (a space that is used as cellars due to its lower temperature). 
Integrating wind catcher to earth ducts affects hydrodynamic behaviour of the whole system and the 
average temperature of Sardab. In this study, wind catcher of Tabatabai house was selected as a case 
study (Figure 1). The case study has a the windcatcher with a height of 17 m which is connected to two 
main earth ducts. The purpose of this paper is to study the hydrodynamic behavior of the wind catcher 
integrated to earth ducts and its effect on the average temperature of the Sardab in 
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summer peak times. Computational Fluid Dynamics (CFD) is a powerful tool for studying the 
hydrodynamic behavior of systems and was used in this study for reduced scale simulation. 

Figure 1: Tabatabi House wind catcher integrated to earth duct system 
 

2. Literature review 
So far, wind catchers have been studied in many studies. In wind catcher studies some researchers 
(Montazeri and Azizian, 2009; Dehghan et al., 2013; Calautit et al., 2019) were studied one sided wind 
catchers. Some studies were carried out on two-sided wind catchers (Montazeri et al.,2009; Zaki, 2019) 
and few researches conducted on four sided wind catchers (Dehghani et al., 2018). Montazeri and Azizian 
(2009) found out that the one sided wind catcher has the highest efficiency, when the wind hits the wind 
catcher cabinet directly (at an angle of 0 degrees). Several studies have been conducted on the effect of 
wind catcher plan shape geometry on ventilation systems (Elmualim and Awbi, 2002. Bahadori et al. (2014) 
has pointed out that the wind catchers can have form of square, cube, prismatic shape and cylinders. 
Montazeri (2010) found out that cylindrical wind catchers have the highest aerodynamic performance. 
Some researches were on wind catcher dimensions (Hosseini et al.2016; Montazeri and Azizian, 2009). 
Hosseini et al. (2016) found out the width of the wind catcher has a considerable effect on the indoor wind 
velocity for ex. reducing the wind catcher width from 2.5 meters to 1.5 meters increase the wind speed in 
the middle area by 50%. Some studies were on the wind catcher roof configuration and its effects on 
ventilation (Dehghan et al, 2013; Haw Lim et al, 2015). Dehghan et al. (2013) examined the effect of roof 
of wind catcher on its ventilation performance by carrying out wind tunnel testing as well as and smoke 
flow. Their study included the effect of wind speed and direction on three types of flat, curved and inclined 
roofs. They concluded that the internal pressure of the wind catcher and induced air flow are directly 
influenced by the geometry of roof in wind-catchers.  In addition to the shape and dimensions of the wind 
catcher, studies have been done on how the wind catcher is connected to the adjacent spaces and its 
effect on ventilation. For example, Karakatsanis (1986) in an aerodynamic study on an isolated tower, the 
tower and adjoining house, and the tower and house surrounded by a courtyard, pointed out presence of 
a courtyard around the structure and the angle of incidence of the wind affects the rate and the direction 
of wind from the tower to the house. The results also showed that depending on a presence of the yard, 
the wind catcher act as a suction or blowing. Most wind catcher studies have been conducted on its natural 
ventilation performance and fewer studies have been conducted on the wind catcher thermal 
performance. In the field of thermal performance of wind catchers, Calautit et al. (2020) found out that 
a one-sided wind catcher with heat 
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pipes within it can reduce the internal temperature of space up to 12 °C (reduce temperature from 40°C 
to 28°C). and also Kalantar (2009) pointed out Using a wind catcher with evaporative cooling for a 
particularly dry climatic condition (10-35% relative humidity), enabled the reduction in air temperature 
up to 15 °C. 
According to the literature review, it was found that most studies have been conducted on the wind 
catcher element. Also, these studies have focused more on the ventilation performance in wind catchers. 
Few studies have been carried out on wind catchers integrated to ventilation earth ducts. Therefore, in 
this study, the hydrodynamic behavior and thermal performance of the wind catcher integrated to earth 
ducts was studied to investigate its effect on the mean internal temperature of the Sardab. 

3. Research methodology
This section introduces the experimental and numerical methods used to evaluate the hydrodynamic 
behaviour of wind catcher integrated into earth duct system and the effects of it on mean indoor 
temperature of Sardab. Field measurments was carried out for a full-scale wind catcher of Tabatabai 
house. The experimental case have a four sided wind catcher integrated to two main earth ducts which is 
connected to sardab with three branches. 
The CFD application is used as a numerical method to conduct the simulation of the study. The CFD is a 
powerful tool to model the site atmospheric boundary conditions and the energy models. To validate the 
accuracy of the CFD simulation, full-scale field measurements (experimental recorded temperature) were 
used. Once the numerical model is validated, it uses to understand the hydrodynamic behavior of the 
studied wind catcher system and effect of it on mean temperature of Sardab. The methodology will be 
discussed in more detail in the following subsections. 

3.1. Experimental tests 
The studied building was built under the street level of Kashan. The wind catcher was built on a clay roof 
of the experimental house and is 6 meters above the street level. The wind catcher has 17 m height in total 
with rectangular-shaped plan geometry of 1.3 m length by 0.76 m width and has one direct connection to 
Sardab. Wind catcher is also connected to the Sardab through two main underground earth ducts with 0.3 
m in diameter. The Sardab is 4.8 m below the courtyard level. A staircase was built to connect the Sardab 
and courtyard. 
Experimental field testing of the wind catcher integrated to earth ducts was conducted in the summer 

month to evaluate its thermal performance under hot weather conditions. The tests were conducted 
during the month of July for six consecutive days (25-30, 2017) with the highest air temperature based on 
the last ten years of meteorological data observation (2016). Temperature data in five different times of 
the day such as 8 am, 12 pm, 3 pm, 6 pm and 9 pm were studied. All data were recorded during the 
summer days and also the warmest hours of a day were included to investigate the performance of the 
system during peak periods. The entering wind speed at the predominant wind direction was also 
monitored during the test days. The data acquisition system is given in more detail in the next section. 

3.1.1. Data acquisition system 

Altogether 4 temperature sensors were installed at four different locations in the wind catcher system. 
Temperature data at four locations were monitored. Figure. 2 shows the wind catcher section and the 
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position of the temperature and velocity sensors. The parameters for data acquisition was wind speed 
(m/s) and ambient temperature (c). T1 is the ambient air temperature (the same height as the air velocity 
sensor height) and T2 the air temperature at the lower part of the wind catcher. T3 is the temperature 
data recorded in front of the B-2 earth duct and T4 is the measured temperature at the center of the 
Sardab. The installed data logger was Kestrel 5700 Elite Weather Meter. The device had sensors with the 
resolution of 0.1 for temperature and velocity. 

Figure 2: locations of sensors the data acquisition system, right plan and left section 

To monitor the hydrodynamic and thermal behavior of the reference wind catcher case in hot  and severe 
days, the data gathered from the temperature sensors was averaged. The overall average temperature 
was calculated 42°C for different times of the day in six days. This temperature was used as an inlet 
condition in boundary settings for the CFD simulation. Figure 3a shows the average measured 
temperature for different times of the day (8am, 12pm, 3pm, 6pm, 9pm) at different locations during six 
consecutive days. 
A velocity sensor was installed front wind catcher window to record the incoming wind velocity in the 
Northeastern direction (prevailing wind direction in summer) during the field tests (Figure 2). The studied 
house was oriented in a Northwest-Southeast direction with the wind catcher facing the Northwestern 
axis (Figure 2). Velocity sensor was mounted at 4 meters above street level as it is shown in Figure 2a. The 
average of wind velocity in 6 consecutive days is given in figure 3b. 

a b 

Figure 3: a- average measured temperature for different times of the day (8am, 12pm, 3pm, 6pm, 9pm) 
and Figure 3b. Mean wind velocity monitored at the wind catcher opening at NE direction 
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This averaged temperature (42 degrees Celsius) was monitored also, on 27th of July at 12 and 6 pm and 
also at 3 pm on 25th of July. Table 1 indicated the temperature of different locations when the air 
temperature is 42 °C in more detail. 

 
      Table 1: The temperature of different locations when the air temperature  
      was the same as a calculated mean temperature for six days   

V T4 T3 T2 T1 Time Day 
0.85 33°C 27°C 30°C 42°C 3pm 25th 

0.46 29°C 25°C 28°C 42°C 12p 27th 

0.9m/s 28°C 25°C 27°C 42°C 6pm 27th 

 
The on-site-recorded temperature and wind data for 3 pm on 25th July were used as a boundary condition 
in CFD software based on the previous information. Wind speed of 1 m/s was also selected for simulation 
boundary conditions. The simulation will be discussed in more detail in the subsequent part. 

 
3.2. CFD simulation 
In order to analysis the hydrodynamic behaviour of the wind catcher system, a reduced scale of the 
experimental house was modelled in CFD software and is described in more detail in this section. 

 
3.2.1. computational model and grid 

The model is a simple model of the studied wind catcher integrated into the earth duct system in reduced 
scale of 1/200 which is connected to Sardab and the courtyard of the experimental house. The simulation 
model dimensions were selected in order to have the same dimensions as in  the experimental study. The 
wind catcher model had a dimension of 0.0038 W× 0.0085 L× 0.085 H in reduced scale which is 0.76 W× 
1.7 L× 17 H in meter at full-scale. Most of the wind catcher height located below the street level and the 
case study wind catcher roof is 6 meters higher than the street level (0.03m in reduced scale). 
The Sardab space was modeled for analysis had a 64 m2 floor area with the height of 0.024 m  in  reduced 
scale. The ventilation earth ducts a had a cross section of 0.3 m× 0.3 m in full scale which are 0.0015 m× 
0.0015 m in a reduced scale. The structure mesh with 4,500,567 cells was applied in this study. The gambit 
software was used to generate the boundary layer conditions (Figure.4a). 
a b 

 
 

 
 

Figure 4: a- structure mesh applied to study, b- Domain and Boundary condition 
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3.2.2. computational domain and boundary condition 

The computational domain was modeled base on the best practice guidelines by Franke et al. (2007) and 
Tominaga et al. (2008). The surrounding domain and set boundary conditions are shown in Figure 4b. 
According to the guideline, the spacing for the inlet boundary, between the model and inlet, be 5 x H 
(height of the wind catcher cabinet), and the space between the outlet wall and the model was set 10 x 
H. Also a vertical length of 4H above the wind catcher height was used for the computational domain. For 
wind direction 60 °, plane 2 is the velocity inlet, plane 3 is the pressure outlet, and plane 1 and 4 are side 
planes (symmetry). The domain size was 0.45 m × 0.45 m × 0.15 m in a 1:200 reduced scale, which
corresponds to 90 × 90 × 30 m3 in full scale (Figure 4b). 

3.2.2.1. Site wind data analysis 

For more accurate representation of the wind, an atmospheric boundary layer (ABL) flow profile was 
implemented velocity inlet for boundary conditions. AS it can be seen from the wind rose (figure. 5a), the 
prevailing wind in summer was blowing from the north eastern direction. The overall summer wind 
analysis indicated that the prevailing wind is from Northeast and 24% of days have wind velocity range 
from 0.5 to 2.1 m/s and 6% of days have wind velocity between 2.1 and 3.6 m/s. Figure.8b indicates  wind 
speed classification in more detail. The wind data analysis revealed that the site has low outdoor wind 
velocity. Due to the lower frequency of higher wind speeds, the wind speed of 3m/s recorded by the 
anemometer at the height of 10 m in an open terrain Based on weather station data, was chosen for 
simulation. Center weather station was used as a reference and provided other climatic data. 

a b 
100 

50 

0 
calms 0.5-2.1 2.1-3.6 3.6-5.7 

Wind class (m/s) 

Figure 5: site summer wind rose diagram and wind speed classification 

Equation (1) introduced by ASHRAE (2009) was used to model wind velocity profile in urban space. From 
this equation, wind velocity at different points could be calculated (Xie, 2012). 

 = =   0.98 m/s = 1m/s (1) 

Where 

VH = mean wind speed at height Z in the study site (m/s) ; Vm = mean wind speed at height of 10 meters in 
the meteorology station (m/s). Zref of the anemometer in m/s; Hm= reference height of the anemometer; 
H= the target height, α= an empirical exponent which depends on the surface roughness, 

72.7

0.7 
11.914.7 

%
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α  met=  the exponent of  the roughness of  the meteorology station.  = gradient height at the top of 
the  boundary  layer  of  the  meteorology    = the height at  which  “gradient  velocity”  is  first observed 
in the same terrain (m) (Gradient layer thickness is introduced by δ symbol in ASHRAE Handbook and some 
other references). 
In the following, Table 2 indicates urban and atmospheric boundary layer parameters in urban spaces. In 
this study the site falls under Class 7: terrain type of dense spacing of low buildings. Sand-Grain roughness 
is an important factor for wind profile accuracy. it effects on mean velocity profile. surface roughness 
height is presented in table2 for urban scale and It embedded in velocity profile. Therefore, in this study 
the surface roughness for CFD simulation was taken equal to 0.00001 on full scale. 

Table 2: Atmospheric boundary layer(ABL) parameters in different urban spaces form ASHRAE (1999). 

class Terrain description Z0 a IU Exp. Zg 
3 Open flat terrain,grass,few isolated obstacles 0.03 0.15 17.2 C 275 

7 Regular large obstacles coverage (dense spacing 
of low buildings,forest) 

1.0.0- 
2.0(1.5) 

0.33 43.4 A 460 

This profile was used as an inlet boundary condition in CFD simulation. Figure 6 indicates the wind profile 
of the site when Vm (mean wind speed at height of 10 meters in the meteorology station) is equal to 3 m/s 
and this brings The wind velocity at the sensor height equal to V4 = 1 m/s which was observed previously 
by velocity sensor. 

As observed in Fig.5 the prevailing wind direction was NE from about 60 degrees. One side of wind catcher 
opening oriented to the prevailing wind (NE). The entering wind speed at the opening of the wind catcher 
at 27th July at 6pm was monitored 0.9 m/s at the sensor height, and 1m/s was inserted in the velocity 
profile. The average monitored temperature during the six days in month of July (42degrees=315K) was 
implemented in simulation. and roughness constant was taken to 0.5 based on study by calautit et. al 
(2020). Table.3 provides information for CFD boundary conditions in more detail. 

Table 3- Summary of the CFD model boundary conditions. 
1 
2 

Velocity inlet (m/s) 
Pressure outlet 

ABL flow(60°) 
Zero 

5 
6 

Earth ducts temperature 
Walls (all) 

19°C 
No slip 

3 Temperature inlet (C) 315 k(42°C) 7 Roughness height KS 0.00001 
4 Temperature of the soil 292.15 (19°C) 8 Roughness constant CKS 0.5 



233 

  Mina Lesan, Marzie Mirjafari, Maryam Lesan and Abbas Yazdanfar 

3.2.3. Solver settings 

The standard k-epsilon was used as a solver, which is well known in the field of wind catcher research 
(Hughes et al,2012). The Finite Volume Method approach and Semi-Implicit Method for Pressure-Linked 
Equations velocity-pressure coupling algorithm with the second order upwind discretisation were 
employed by the CFD tools. The governing equations for the 1-continuity, 2-momentum, 3-energy, 5- 
energy dissipation rate were used. Pressure interpolation was second order and second order 
discretization schemes were used for both the convection terms and viscos terms of the governing 
equations. 

4. Results
The effect of the wind catcher integrated to earth ducts on entering air temperature and mean 
temperature of Sardab were simulated. Figure 7 shows the air temperature contours when the outdoor 
air temperature was at 42°C (taken from the average temperature in six consecutive days in July), and the 
soil temperature was at 19°C. The system had a clear effect on the entering ambient air temperature (T1) 
reducing it to 24°C (T2) while passing through the earth ducts (Figure 7a).  The mean temperature  at 
center of the Sardab (sensor location) was calculated 32°C (Figure 7b). The data were validated with 
experimental measurements in the next subsection. 

T1=42°C 

T2=31°C 

30°C 
T3=24°C 

27°C 

a 
Figure 7: Temperature contours in the system while the air temperature is 42 °C and wind blow 

from NE. a- Plan of wind catcher, earth ducts and Sardab. b- section of the system 

4.2. Comparison with experimental measurements 
The comparison between CFD model simulation and experimental measurements is outlined in this 
section. 
In Figure 8, the results of the CFD simulation are compared with empirical mean air temperatures. The 
percentage of root-mean square deviation (PRMSD) for the accuracy of the CFD simulation was used. The 
PRMSD between CFD simulation and the empirical results for the mean temperature for six consecutive 
days shows 7% deviation. Also The PRMSD between CFD simulation and the empirical results for the 
targeted time (25th July at 3 pm) indicates 8.2% deviation. These small discrepancies (below 10%) between 
experimental model and simulated model indicates the validity of the CFD simulation. Following the 
satisfactory validation of the CFD simulation results, the CFD was used to investigate the hydrodynamic 
behavior of the system and the effect on mean temperature of the Sardab in the next subsection. 

T1=Air temperature= 42°C (315 k)

b 
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Location T2 Location T3 Location T4 
Empirical Mean Temperature 29.5°C 25.6°C 30.8°C 

CFD Simulation 31°C 24°C 32°C 
empirical Temperature at targeted 30°C 27°C 33°C 

Figure 8: Empirical air temperature and CFD simulation results 

4.3. Findings 
This study was conducted to analyze the hydrodynamic behavior of the case wind catcher system and the 
effects of it on mean temperature of Sardab. In wind catcher of Tabatabai house, the entering wind allows 
the hot ambient air to flows down to the wind catcher and after passing through earth ducts that buried 
underground (with temperature of 19°C) cools down and enters the Sardab space with temperature of 
24°C (Figure 9a). Sardab performs as an interface space between wind catcher and courtyard. Because of 
the temperature difference between Sardab (high pressure) and courtyard (low pressure), the colder air 
of Sardab (high pressure) moves toward the courtyard with lower pressure (Figure 9b). The air circulation 
occurs and the hot air of courtyard enters from the top of staircase toward Sardab and increase the mean 
temperature of Sardab. Then the hot air enters the earth duct A-3 (Figure 9c), after passing through the 
earth duct A it brings back to Sardab again from duct A-1 and A-2. It was determined that the temperature 
of 42°C of the incoming wind after passing through the system enters the Sardab with a temperature of 
24°C from duct B-2 and brings the mean temperature of the  left part of room to 27°C (15°C cooler than 
the air temperature), But the circulation of the air from courtyard to Sardab causes hot air to replace in 
the Sardab and increase the mean temperature of Sardab to 32°C (10°C Cooler than the air temperature). 
Along the wind catcher system, the courtyard  has considerable effect on the mean temperature of Sardab. 
The dimensions of courtyard are important for system to act more efficient. The future research can be 
on the dimension of courtyard in the improved efficiency of the system and reducing the Sardab mean 
temperature. 

a b c 

Air with Lower pressure 

Earth duct B 

The colder air of Sardab 
moves toward yard 

Higher pressure 
The warmer air of courtyard replaces 
from the top of the staircase 

Figure 9: Overall hydrodynamic of the wind catcher integrated into the earth duct system 
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