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Windcatcher is a traditional element that has been used as a passive
cooling technique in hot, dry regions many centuries ago. This study,
assess the thermal performance of integrated windcatcher to a prototype
school building and its influence on classroom and occupants in a hot
arid climate. The research examines the effect of changing the
windcatcher morphological feature, specifically the height on its
functioning concerning the thermal performance parameters of mean
radiant temperature, relative humidity, and CO, concentration.  The
simulation process was adopted by using the 2018 IES Virtual
Environment simulation tool plus CFD analysis. The results indicate that
under the climatic conditions of Erbil city, the height of the windcatcher
affects directly the thermal conditions of an integrated space. To create
appropriate airflow and provide adequate ventilation rate with the
potential to reduce mean radiant temperature 5°C, the height should be
less than 9m. Windcatcher with a height of 9m achieved the best results
in comparison with higher models as it reduced the cooling load by
nearly 60% of the demand energy, compared to the traditional
windcatchers design with height more than 15m. Additionally, the
findings indicated that constructing a windcatcher with height less than
6m can achieve a similar result to the higher design, besides it costs less
and has a more aesthetic preference.

Disciplinary: Sustainable Architecture, Cultural Sciences,
Conservation, Education Sciences, Environmental Sciences.
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Energy

1 INTRODUCTION

The reduction of natural resources, climate change, and the increase of nonrenewable energy

prices are real challenges

for the next decades. Furthermore, the world witnessed a massive rise of

200% of CO,, caused by population growth from 1995 to 2011 (Masoso and Grobler 2010).
According to International Energy Agency (IEA) 2009 data, the building sector represented the

*Corresponding author (S.Ismail).

Tel:+96-47504539436 E-mail: suzan.ismail@su.edu.krd ©2020 International Transaction

Journal of Engineering, Management, & Applied Sciences & Technologies. Volume 11 No.5 ISSN2228-9860 elSSN1906-9642

CODEN: ITJEA8 Paper ID:11A05Q

http://TUENGR.COM/V11/11A05Q.pdf DOI: 10.14456/ITJEMAST.2020.97



highest energy consumer in the world, with 34%, followed by transportation 28%, the industry came
third with 27%, and the least was the non-energy uses with 11% (IEA, 2003).

However in the after years, the building sector reached more than 40% of the overall world’s
energy consumption (Saadatian et al., 2012), which had a significant effect on increasing greenhouse
gas emissions and its predicted to rise further by reasons of urbanisation and population growth
(Wheeler and Beatley, 2004). Many non-domestic buildings have often used air conditioning systems
and mechanical ventilation to establish better interior environments and the use of such systems has
increased dramatically all spread the world during the last decade (Sharples and Bensalem, 2001).
Thus, the energy used in the buildings, including ventilation, heating, and air conditioning systems
account for almost two-thirds of total buildings energy consumption (Chan et al. 2010; Brown and
Dekay, 2006; Saadatian et al., 2012; IEA, 2003), and of this 30-50% is concerned with ventilation
and infiltration (Khan et al., 2008). As a result, these systems are considered the main drivers of
energy consumption in buildings (Almahoozi 2012).

There have also been significant inhabitants’ health problems (Sharples and Bensalem, 2001),
ie., sick building syndrome (Ruan et al., 2012). Also, many side effects like overheating, excessive
humidity, the build-up of odors, smokes, and pollutants, and condensation as a result of low
ventilation (Khan et al., 2008). Ventilation can be used to control many criteria like temperature,
humidity, odor, and contamination (Hamzanlui et al., 2011). On the other hand, natural ventilation air
can discourage the positive ions that cause depression and drowsiness while substituting it with
negative ions (Al-Jawadi and Darwish, 2016).

Increasing the CO, concentration in space is an indication of a lack of ventilation rate leading to
a problem series for students such as absenteeism, poor student performance, drowsiness, and the
inability to concentrate (Kilpatrick 2017). High levels of CO; indicate a lack of fresh air intake, which
has a negative impact on the occupants’ health and learning ability. The majority of building standards
use CO; as the key indicator of performance (ASHRAE 2007). Some studies link the internal CO,
concentration with health, performance, and attendance issues. Mendell & Heath (2005) shows
strong correlations between sick building syndrome symptoms and CO, concentrations exceeding
1500 ppm, indicating insufficient ventilation supply.

The importance of natural ventilation is to decrease energy consumption and unpleasant
environmental pollutants while with acceptable thermal comfort and satisfactory indoor air quality
(Ruan et al., 2012; Sharples and Bensalem, 2001). The windcatcher or wind tower method has been
neglected in the building design (Jones and Kirby, 2009). These traditional elements provide natural
ventilation and passive cooling in hot arid and humid regions thousands of years ago. Lately, there
has been an increasing concern about the application of windcatcher in modern buildings, which
initiated the use of the concept of windcatcher more widely, including new technologies.

2 LITURATURE REVIEW

Zhe et al. (2012) assessed thermal comfort performance and energy consumption of commercial
wind catcher integrated into an office building in Beijing, China. Simulation results in a drop of 2°C
in the indoor temperature and showed good potentiality to minimise 17% of the cooling load.

Dehnavi et al. (2012) investigated the performance of different designs for square wind catchers
in the hot arid climate of Yazd city, on reducing the indoor air temperature. An experimental method
conducted by using four selected wind catchers that had almost the same descriptions, including
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height, plan dimension and size, but with different types of blades representing +, x, H, and K in
square wind catchers. The results reduced 3-7°C in wind catcher room for all types with the most
efficient is the plus blade form. This result agrees with numerical simulations (Zarandi, 2009;
Calautit et al. (2012) Reyes et al. (2013) and Badran (2003). Ghadiri et al. (2011) indicated that
vernacular windcatcher of a square plan with 6m height could reduce air temperature from 25°C to
21°C in a hot and arid climate of Yazd.

Al-Jawadi and Darwish (2016) did a full-scale experiment on a house integrated with a two-sided
rectangular windcatcher (dimensions 2.5m * 1.75m). Also, a water spray system was equipped for
humidification purposes. The results indicated the effectiveness of the moisturised wind catcher in
decreasing inner air temperature 12°C.

There is a need for more studies concerning the influence of windcatcher (optimum) height on its
performance and potentiality to achieve thermal comfort in particular for a school building in a hot
arid climate to improve the thermal comfort of the students and reduce the energy consumption
required for cooling. This study deals with the effect of height on windcatcher performance in terms
of the parameters of thermal comfort, including air temperature, velocity, and relative humidity for a
school building in Erbil city as a hot arid climate region by using IES VE simulation tools.

3 MATERIALS AND METHOD

3.1 PASSIVE COOLING TECHNIQUES
According to UNEP (2003), the heating or cooling of a building to provide thermal comfort is a

highly energy consuming process accounting for as much as 60-70% of total energy spending in
non-industrial buildings. Of this, nearly 30-50% lost through ventilation and air infiltration (Viktor,
2002). The multi-directional approach is needed, including demand-control, energy-efficient
technologies, renewable energy, and energy recovery (Oakley, 2002; McQuiston, et al., 2005; Olsen
and Chen, 2003). Natural passive cooling systems are options for maintaining a cool building and
decreasing air conditioning costs (Haggag and Elmasry, 2011).

The use of passive cooling techniques involving thermal mass, responsive landscaping, natural
ventilation, and shading devices have been adopted towards sustainable buildings (Faggianelli et al,
2014; Kamoona, 2016; Khan et al., 2008). Additional cooling techniques such as green facades and
green roofs have also been applied recently (Haggag and Elmasry, 2011).

The windcatcher is one of the ventilation and cooling techniques in vernacular Middle Eastern
architecture (Raof, 2018). It is passive, necessitating no energy to operate (Elmualim, 2006).

3.2 WINDCATCHERS
Windcatcher utilises wind renewable energy (Saadatian et al., 2013; Afshin et al., 2016),

improving indoor air quality and thermal comfort inside the buildings (EImualim, 2009; Soni et al.,
2016). The predominant of wind towers and wind catchers in the Middle East and North Africa
returns to so many years, and have formed a vital element of the indigenous architecture of these
areas. (Sharples and Bensalem, 2001). These uses can also be found in India and Pakistan
(El-Shorbagy, 2009). Using roof elements to increase the ventilation of buildings is not new. There is
evidence that the idea of windcatcher traced back to the early Paranoiac periods. Examples can be
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recognised in the Eighteenth Dynasty Houses of Tal Al-Amarna. The paranoiac of Neb-Amun House
displays a windcatcher with two openings (Almahoozi, 2012; Boloorchi and Eghtesadi. 2014; Roaf,
2005), one for cold air to channeled in, while the other for hot air to get out (EI-Shorbagy, 2010).

Windcatcher is an architectural feature/spatial devices constructed on the roof to extract fresh air
into the rooms and the interior corridors in building (Aljofi, 2016), and providing passive cooling and
natural ventilation to the building (Almahoozi, 2012). Tall towers windcatcher rooftops vents catch
the wind for cooling the interior spaces (Ghadiri et al., 2013). Windcatcher called Bating in Syria,
Malkaf or Malgaf in Egyptian architecture (Saadatian et al., 2012), and Badger or Baud-Geer in Iran
(Hughes et al., 2011), Iraq, and Pakistan (Almahoozi, 2012), while it known in Imarets as "Barjeel”,
Bahrain as "Casteel”, and in Qatar as "badkeer" (Aljofi E K. 2016), see Figures 1 and 2.

' Guif Basgh

Figure 1: Different windcatcher forms in the Middle Figure 2: An example of vernacular
East (Al-Shaali, 2002). windcatcher (Saadatian et al., 2012)
Inspired by the vernacular architecture of the Middle East, contemporary architects and
engineers have innovated modern windcatchers, to take benefits of traditional windcatcher and
eliminate their limits to adopt them with improved building types and technologies (Jomehzadeha
2017). Within this trend, many modern and commercial windcatchers were invented. For example,
the University of Qatar in Doha, Qatar, was built between 1985-1991, integrated with a new type of
simple windcatcher with several openings on each side (Saadatian et al.,2012; Almahoozi, 2012).
Another distinguish example is the French school, named Lycee Charles de Gaulle in Damascus,
Syria, with a design to revive the use of local materials and a combination of passive design strategies
for natural ventilation.

These techniques included installing wind towers, shading classroom roofs, the use of building
thermal mass, and small courtyards with landscaping. (Elgendy, 2010). Al Jawadiin (2011) modeled a
modern windcatcher installed on a two-floor house with a courtyard in the hot dry climate of Baghdad
city. The house also applied other vernacular treatments and proved to reach the house to thermal
comfort (Al Jawadi, 2011).

The concept of windcatcher has been commercially utilized in the UK for the past 30 years
(Jones and Kirby, 2009), with more than 7000 windcatchers installations in the public buildings
during the last 15 years (Nejat et al. 2018; Jomehzadeha et al., 2017). Additionally, the windcatcher
has been installed in more than 1100 UK schools, achieving thermal comfort and cooling in the
summer season (Jones, 2010; Ford et al. , 2010). A windcatcher installed at Stanford Ecology
Centre, California, USA, provides passive cooling of the building main lobby without the use of air
conditioning (Malin, 2007).
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3.3 WINDCATCHER FUNCTION
With two main windcatcher functions, the first function is to catch the prevailing wind and direct

it down to the interior spaces of the buildings (Khan et al., 2008; Hamzanlui et al., 2011), the second
function extract the stale and polluted air out, thus supplying clean ventilation instead of it
(Moghaddam et al., 2011). The natural ventilation provided by the windcatcher has two major goals,
the first one is the gain of effective indoor air quality (IAQ) without any electricity consumption and
the second the enhancement of thermal comfort by ventilating the occupants. (Chenari et al., 2016;
Al-Hemiddi and Megren, 2001; Schulze and Eicker, 2013; Reyes et al., 2013).

The operation of a windcatcher natural ventilation system depends on two principals:
wind-driven ventilation and stack (buoyancy) effect (Coles and Jackson, 2007; Hejazi and Saradj,
2014; Khan et al., 2008). Extensive researches using computational fluid dynamics (CFD) in addition
to full-scale experimental tests have been carried out on different types of windcatchers to conclude
the driving forces behind its operation, and it was affirmed that there are two driving forces, the first
force is due to the temperature difference and it is called buoyancy effect, while the second force is
external wind (Saadatian et al., 2012), see Figures 3 and 4.

o, S

Figure 3: Building section showing windcatcher Figure 4: traction and suction
function according to temperature difference. (after Hamzanlui M E., et al., 2011).

Concerning the cooling techniques, the windcatcher cools the air depending on two techniques,
the sensible method, and the evaporative cooling. The first is based on decreasing temperature when
air passed through space but with no changes in the humidity level, while the evaporative cooling
uses a different technique to reduce air temperature by increasing water vapor rate as dry air passes on
the water body (Aljofik, 2016). Thus, this technique used successfully in hot arid climates like Jordan,
Egypt, Irag, and Iran (Bouchahm et al., 2008). In spite of the advantage, studies indicate that this
method is not efficient for a very humid climate without using modifications, which consume more
energy (Chan et al., 2010; Florides et al., 2002). The use of this system is continuous in modern
architecture, as water spry and new material to retain wet surface, are some types of this technique
(Saadatian, et al., 2012).

3.4 WINDCATCHER TYPES
Generally, windcatchers classified into two groups based on their openings: unidirectional and

multi-directional or bidirectional (Erell et al., 2008). Unidirectional windcatcher, which consists of a
shaft constructed on the roof a building, is open from one side only facing the prevailing wind. This
type of windcatcher attracts the wind and channel it down into the inner spaces then the air is let to
exit from another part of the building (Saadatian, et al., 2012). Unidirectional needs to be very high to
catch greater wind velocity, especially in crowded areas. The limitation of this type is the location of
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opening as it can catch wind from one direction only and cannot attract it from other directions
(Hughes et al., 2012). The multi-directional or bidirectional takes the wind from the top, circulates it
across the building and then turns it out again through the lee side of windcatcher (Saadatian O. et al.,
2012). It catches the wind from any direction and directs it into the interior spaces of the building
(Keshtkaran P., 2011). The bidirectional windcatchers generally divided into their vertical axis. They
can be obtained in diverse cross-sectionals with diverse efficiency (Almahoozi S., 2012). The
traditional windcatchers were typically divided into four quadrants which made the windcatcher more
adaptive to periodic wind changes (Ghaemmaghami and Mahmoudi, 2005).

3.5 WINDCATCHER PROPERTIES
Many researchers have investigated the factors affecting the efficiency of windcatchers. Hughes

et al. indicated the design factor that influences the Windcatcher performance; these are; height,
number of openings, a cross-section of the air channel, size, and positioning of the openings,
construction materials, and form (Hughes et al., 2012). Montazeri and Azizian (2008) identified that
cross-section, numbers of opening, the position of windcatchers and the height, represent the main
factors that contribute to windcatcher efficiency. Saadatian et al. (2012) showed the effective design
factors of windcatcher are; cross-section, height, and the number of openings. On the other hand, Liu
et al. (2011) concluded that windcatchers influenced by heights, a number of openings, cross-section,
locations in a building, and internal configuration of the windcatcher.

3.5.1 SHAPE (CROSS-SECTION)
Maleki (2011) illustrated four types of traditional windcatchers based on cross-sectional plan;
rectangular, square, hexagon and octagon windcatchers, see Figure 5.

Form Samples of plam

- B &

Square + BLADE X BLADE
H BLADE COMPOSED
—U'l'l«l-:l:l: i aNE) ;;;;’-E
+WiTH DIFFERENT CHANEL K BLADE

Figure 5: Cross-sectional plan for diverse vernacular windcatcher shapes (Dehnavi et al., 2012).

Elmualim (2002) investigated the efficiency of windcatcher to its cross-section. The findings of
the experiment and CFD simulations proved that the performance of the square plan form is much
better than the circular cross-sectional due to the sharp edges of the square cross-section windcatcher.
Liu and Mak (2007) used CFD simulation to evaluate the efficiency of a 500 mm square plan
windcatcher, confirmed the findings of Elmualim. Instead, Gage & Graham (2000) indicated the
outperform of rectangular cross-section over those of further geometries, like circular and hexagonal.
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These results agree with Montazeri (2010) that a one-sided windcatcher for a zero angle wind
direction channels airs into the interior spaces nearly four times more than the two-sided circular
windcatcher. The study also determined that a rectangular one and two-sided windcatcher catch a
higher induced airflow(Montazeri, 2010). Similarly, Jawadiand and Darwish (2016) find that a
windcatcher with rectangular shape is the most effective form plan to be used in the hot arid climate.

3.5.2 OPENINGS

The openings number on the windcatcher sides allows it to catch air from various directions.
Accordingly, there are classifications for windcatchers based on the number of openings. As for
Montazeri et al. (2010) categorized into one-sided opening wind-catcher (unidirectional), two-sided,
three-sided, and four-sided wind-catcher. Ghaemmaghami and Mahmoudi (2005) have identified
four types of windcatchers based on the number of openings which are; one-directional,
two-directional, four directional and eight directional wind catchers.

Montazeri examined the performance of windcatchers with a different number of openings.
Thus, five models: two, three, four, six and twelve-sided windcatcher experimented. The findings of
the study showed that as the number of opening increased, the windcatcher efficiency decreased. The
study also indicated that increasing openings number makes the windcatcher less sensitive for
different inclination angel (Montazeri, 2010). As a result, in areas with no prevailing wind, the best
option is the multi-opening windcatchers (Saadatian et al., 2012). These experimental results go with
studies about the ancient windcatchers, as concerning the direction of the openings. The traditional
windcatchers positioned in areas where there is a strong prevailing wind directional, the openings
aimed in the same direction, contrary to regions, where there is no prevailing wind direction
windcatchers with multi openings were used (Lechner, 2014).

According to the directional windcatchers are the most popular as they have four main vertical
shafts divided by partitions (Roaf, 1982). More than half of wind towers were the four-sided types
used in hot dry climates and almost all wind towers in Hot humid climate (Mahmoudi and Shemirani,
2009). This renders the windcatcher as being operational whichever way the wind is blowing.

3.5.3 HEIGHT

The height of the windcatcher is an essential aspect that influences its performance. Mainly
traditional wind-catcher in the middle east constructed with heights 1.5-32m from the ground level
(Montazeri and Azizian, 2008), Gage and Graham (2000) indicated the heights 5-33m. Importantly,
the height of traditional windcatcher in hot dry climate areas is different from those in hot humid
regions, as the windcatcher in hot dry climate regions has more height compared with hot humid
regions. For greater heights in hot dry areas, the air temperature is less while the wind velocity is
high (Ghaemmaghami and Mahmoudi, 2005). On the other hand, the height of windcatchers may
vary between two regions with the same environmental conditions as hot dry climates.

A study conducted by making a comparison between Iranian (Yazd's) windcatchers with those of
Egypt. The results showed that Iranian windcatchers have a column with height reaches 3-5 meters
from ground level because there is a favourable high-speed wind and windcatcher height has to
enlarged via a column. On the contrary, Egyptian windcatchers are one story higher than the roof with
no columns, due to the low-altitude favorable wind in Egypt (Boloorchi, and Eghtesadi, 2014). It

*Corresponding author (S.Ismail). Tel:+96-47504539436 E-mail: suzan.ismail@su.edu.krd ©2020 International Transaction
Journal of Engineering, Management, & Applied Sciences & Technologies. Volume 11 No.5 ISSN2228-9860 elSSN1906-9642
CODEN: ITJEA8 Paper ID:11A05Q http://TUENGR.COM/V11/11A05Q.pdf DOI: 10.14456/ITJEMAST.2020.97



concluded that there is a direct connection between height, air temperature, and wind speed. By
expanding the structure’s height, wind speeds increase. In addition, air temperature decreases in
higher areas. Badran (2003) proved that there is a direct effect between the windcatcher’s height and
its performances. Similarly, Hughes et al. ( 2012) demonstrated that the positive pressure on the
vertical side of the windcatcher raised due to the increase in height.

3.5.4 MATERIALS

Traditional windcatchers in hot dry climates were built either of mud brick or more frequently of
baked brick covered with mud plaster (Ghaemmaghami and Mahmoudi, 2005; Maleki, 2011). These
mentioned materials act as thermal insulators, for instance, mud can delay the heat transferal from
outside to inside areas for approximately eight hours; thus, they are very efficient and applicable
(Keshtkaran, 2011).

In modern windcatchers, insulation materials are used as well to improve the performance and
the efficiency of these windcatchers. Al Jawadiand and Darwish (2016) conducted a full-scale
experimental study by building a windcatcher lined with a brick burned at a temperature varying at
750-1150°C. The model proved to be efficient in the hot arid climate. Vali (2009) used computation
modelling program and experimental test, demonstrating that when the walls of the windcatcher were
insulated, the windcatcher performance became more efficient.

3.6 WINDCATCHER AND ARCHITECTURE IDENTITY
From the very beginning, vernacular architecture has been trying to achieve harmony between

nature and buildings as its architectural elements consist of a rhythm between environment, materials,
use of space and the needs of living (Kirbas and Hizli, 2016). The architectural heritage stands for as
evidence of people’s history. Thus, nations attempt to maintain, explore and evolve the principle of its
architectural vocabularies to conserve their values (Aljofi, 2016). Many countries are well known for
their architectural features that developed from their geographic, topographical, and climatic
conditions. An example can be found in the cities of the middle east as they are rich with architectural
elements that been emerged as a result of climatic solutions (Aljofi, 2016). The purpose of these
elements was to decrease the severe high temperature along the summer months, enabling people to
endure the climatic problems (Almahoozi, 2012).

The windcatchers represent one of these architectural devices, which were used to obtain thermal
comfort in the interior spaces. (Boloorchi and Eghtesadi, 2014), thus it’s a sign of the design in
agreement with the climate (A’zami, 2005). The nowadays buildings ignore the traditional
architectural devices of the past, passive systems were replaced by the active methods, which led to
more energy consumption for ventilation and cooling. As a result, the cities are about to lose their
identity when the new buildings do not retain ecological solutions (Kirbas and Hizli, 2016).

Contrary, if contemporary architecture applies traditional elements, it could assist in achieving
cultural continuity. Also, it can be directed to reach climate-adaptation and sustainable architecture
(Spentzou et al., 2017). Thus, climate consideration is a crucial factor in architectural design with
the increase of environmental awareness all around the world. Its goal is to restore identity and
harmony with the surrounding environment by using traditional values in a modern way. Climate has
a vital effect on identity formation as it is an essential aspect in shaping architectural identity
(Al-Shwani and Baper, 2011). Eventually, the use of traditional devices as a windcatcher will aid
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the restoration of architectural identity.

4 METHODOLOGY

For Semi Hot dry climate zone, the amount of solar heat absorbed by a building is high and
causes an increase in the air temperature of the classrooms. Thus, will lead to poor indoor
environmental quality and affects the student discomfort thermally and physically (Wargocki et al.,
2005). The most defects in schools include insufficient outside air supplied to occupied spaces;
inadequate exhaust airflows, poor air distribution or balance; and poor maintenance of heating,
ventilation and air-conditioning (HVAC) systems (Angell. and Daisey, 1997; Wargocki. et al., 2002).
To provide thermal comfort to the students, windcatcher applied in this project

The natural ventilation strategy combined with a four-sided rectangular windcatcher installed in
an existing school and the measured results for the hot period from (1/April to 30/Sept) is described.
In summer and intermediate seasons outside air is introduced into the building of three stories with a
total height of 9 m2. Four of this study four-directional windcatchers integrated into the classes. The
tower divided into four shafts by a vertical brick partition, which brings cool air for the internal space
of the classes. The purpose of selecting windcatchers with four directional openings is to serve four
different orientations (South, North, west, east).

4.1 MODEL AND THE OPERATIONAL PROFILE
In this work, an IES VE sustainable tool is used to examine the efficiency of the passive system

on three -floor classroom in a hot arid climate (Erbil city). Figure 6 presents the physical attributes of
the Base Case model (the prototype of schools in Erbil city). The windows extend from 1m above
floor level to the ceiling, providing a glazed area of 1.8 x 205m. Glazing is assumed to be clear and
single glazing and covers a 14% WWR (Window to wall ratio). The constructions of the walls
constructed of a single un-insulated leaf wall with a concrete block wall. Classes dimension is 8m x
5m x 4m. The average school classroom occupancy density is 0.65-0.80 persons/m?. An opening set
point of 19°C in the winter and 16°C in the summer for both windcatchers and windows. The input
parameter is shown in Table 1.
Table 1: Base case parameters used in this study.

Construction NO Mate_rial (Qon_struction layers from No.of | Thickness | Total U value
"| (outside to inside) Layers (mm) W/m2*K
1| Limestone hard 1 100
2| Cement plaster - sand aggregate (ashrae) 1 20
External Wall 3| Hw concrete block 1 200 215
4| Gypsum plastering 1 20
1| Clay tile 1 10
Internal ceiling 2| Fine sand 1 50 207
[floor 3| Reinforced concrete 1 150 '
4| Gypsum/ plaster board 1 10
1| Roof insulation (ashrae) 1 5
2| Felt/bitumen layers 1 5
Roof concrete 3| Reinforced concrete 1 150 1.58
4| Cavity 1 10
5| Ceiling tiles 1 10
Glazing Clear float 4mm 1 4 5.7
1| Plaster (lightweight) 1 13
partitions 2| Hw concrete undried aggregate - hf-c12 1 100 2
3| Plaster (lightweight) 1 13
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.

(a) The plan of the base case (b) The physical appearances of the base case

Figure 6: Classroom building located in Erbil city, Irag.

4.2 GEOMETRICAL MODEL
A 3D rectangular wind catcher model of dimension 1.5 m x 2.5 m with same plan geometry of

the plus blade and three different height of 3.0 m, 6.0 m and 9 m connected to a room with a length of
8 m and width of 5 m, Figure 7. The position of the wind tower was chosen based on the location of
the classrooms. The geometry of these models were generated and simulated by IES VE 2018
software and using the integrated Microflo to simulate the CFD. For the run of CFD simulation, the
wind speed was set at 12 mph with an angle of 0 degrees, and outdoor temperature was 97F degree
which is the average temperature of Erbil city on hot days in summer.

$ 250 4 +150+

o 1
Q it 1 L .

7 B
oz u N

LR|

H=3m H=6m H=9m

8.00

Model #1 (H.3m) Model #2 (H.6m) Model #3 (H.9m)
Figure 7: proposed windcatcher dimension (all dimensions are in meters).

4.3 SIMULATION PROCESS

IES adopted for this research to assess the effect of windcatcher performance on the occupants'
thermal comfort conditions of a school building in Erbil. The first step includes evaluating the impact
of each height on the thermal comfort of the classrooms and the attendance. Due to the
unpredictability of weather and continually varying wind speed and direction, three main parameters
were selected (mean radiant temperature of the class, Relative humidity, and CO, concentration).
Furthermore, the cooling load was studied to see the amount of energy use after the collaboration of
windcatcher. Through each case of wind catcher’s interventions, IES apache simulation been used in
this research to examine the thermal comfort of the classroom and the energy performance of
wind-catchers. Apache is a dynamic tool used for thermal calculation and analysis based on the heat
transfer process and it is driven by real weather data (ASC, 2015). Figure 8 shows the alternatives of
windcatcher models in IES.
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Figure 8: IES VE model of the three alternatives (Author)

With the analysis of the base case completed and results obtained similar to published literature,
detailed analysis into CFD run for best height performances conducted. Based on the literature, the
CFD method was found to be a more attractive approach as it gives reliable results in predicting
ventilation parameters and the advancement in digital computing(Chen, 2009; Liu, et al., 2009).
CFD modeling has been used as analytical modeling and for all types of the experimental approach,
thus it can analyze and optimize complex 3d designs with high accuracy of temperature, velocity and
airflow pattern around or inside the three-dimensional model (Jahar and Soumen, 2009) see Figure 9.

[ ] I I I I I
Velocity 000 009 018 027 036 046 055 054 073 082 091 100 mis

Figure 9: CFD analysis model for windcatchers (created by Authors).

5 RESULTS AND DISCUSSION

5.1 BASE CASE SIMULATION RESULTS

The primary results obtained from the analysis of the base case classroom show that the indoor
temperature is exceeding 32°C in almost 90% of hours during the day time, and only 8% is within
comfort temperature (22-28°C). Figure 10 shows Indoor mean radiant temperature in August in the
afternoon 1:00 PM is over 40°C which indicates the need for mechanical ventilation.
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Date: Fri 01/Jan to Fri 31/Dec

Jan Feb Mar Apr May

® ean radiant temperature: room 1 (class bascae.aps)

Jun Jul

Aug Sep Oct Nov Dec Jan

Figure 10: Mean radiant temperature for the Base case classroom

Another result to indicate the poor indoor quality is the measuring of the CO, concentration in
class, Figure 11. The average accepted standard for CO, level in a classroom is 1000 (ASHRAE,
2007)., however, the results show that CO, concentration exceeds 2000 ppm for more than 75% of the
total hours that student spends in class, which is more than twice the recommended level. Also, the
rate can reach more than 6000ppm when space is fully occupied. This high range may lead to many
problems for the occupants and lead to people dissatisfaction.

Frequency distribution: : % in period Fri01/Jan to Fri 31/Dec

<=§00.00 8000010 <=2000.00
"Room C02 concentration' ranges (ppm)

»2000.00

B class bascag.aps(room 1)

Figure 11: Room CO; concentration for Base Case

classroom.
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Frequency distribution: : hours in period Fri 011Jan to Fri 31/Dec

<=30.00 =30.00t0 <=70.00

"Relative humidity’ ranges (%)

B class bascae.aps(room 1 ground floor)

Figure 12: Average relative humidity in Base

Case classroom.

The acceptable level of Relative humidity (RH) should be between( 30-70% ) (CEC., 1992). The
Figure 12 shows that only 40% of the total time in hot period RH is within an acceptable range, while
over 30% of the time RH is more than 70% which adds extra heat (latent heat ) into space. Besides,
25% of the total hours the RH is <30 %. These results demonstrate that the classrooms insufficient
thermal comfort for the occupants because the rate of human transpiration reduced by high RH and so
leads to discomfort, while it increased by a low RH that leads to dehydration (Ibid).

The total cooling load of the room was approximately 20 Mwh for the whole year.
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5.2 INTEGRATING WINDCATCHER TO THE CLASSROOM AS A MEAN FOR
PASSIVE COOLING, THE RESULTS ARE AS FOLLOWING:-

5.2.1 MEAN RADIANT TEMPERATURE

When the outdoor temperature is maximised to 31.5°C at 1:30 pm, the windcatcher room
temperature is 27.5°C in Model #1, 28 °C in Model #2 and 28.5 °C in Model #3. Hence these kinds
of wind catchers can decrease the temperature between 3-5°C while the outdoor temperature is at the
highest level. Outdoor temperature decreases gradually in the afternoon while indoor air temperature
decline 3-5°C up to 4 pm Figure 13. As we can see through the chart, indoor air temperature in the
windcatcher room with plus form blade windcatcher is than other samples. As 29 °C is not an ideal
comfort temperature, ancient architects used water pond under the windcatcher for evaporative
cooling to decrease the indoor air temperature.
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Figure 13: Mean radiant temperature comparison between the Base case and other three alternatives,
Produced by IES VE by the author.

Figure 14 indicates the best performance attained by Model #2 while Model #3 has the least
active. The best performance accomplished by Model #2 as the number of hours that the mean
radiant temperature is within the comfort zone is nearly 65% in comparison with 60% and 50% for
Models #1 and #2 respectively. This result shows an increase of more than four times the base case
results during the hot period. These results come in agreement with outcomes found by the study
(Malcolm and Agnieszka-Cwiek, 2012) that indicates the air temperature distributions through the
natural ventilation system during a hot summer week (31 May to 6 June) for a typical classroom and
caused reduction of classroom temperature with 8°C when the outside air temperature hits its peak at
34.5. Also, it can see that Model #2 has the least number of hours in which temperature exceeded
28°C with slightly 20% in comparison with more than 85% of total hours that exceeded 28°C in the
base case. Similarly, Model #1 reduced the number of hours that exceeded 28°C into less than 25%.
Model #3 also decreased the number of hours exceeding 28°C by 35% and increased number of
hours’ that is less than 22°C by less than 15% similarly with Model #2 15% and 16% for wind towers
with 9m height.
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Figure 14: The percentage of mean radiant temperatures in hours of the classroom after introducing
windcatchers.

5.2.2 CARBON DIOXIDE CONCENTRATION ANALYSIS

Figure 14 shows the effect of windcatcher on the CO, concentration of an occupied classroom
with 30-35 students and its influence on the thermal properties. The general trends indicate that there
is a tremendous enhancement in the level of the CO, in comparison with the Base case. Model #3 has
the best performance in reducing the level of the CO, to less than 1000ppm (an average 550ppm) for
nearly 90% of the whole time from 8.00 am to 3:00 pm. Models #1 and #2 have similar performance
with slightly more than 1000ppm. This result agrees with Mahyuddin et al. (2014) that shows with the
operation of the windcatcher, CO, concentration was not so high regardless of the number of
occupants 30-35 students per class. Figure 15, CO, level starts with a low level in the early morning
form 8-9 am with less than 800 ppm due to the less number of occupants. After that, it starts to rise till
it reaches to its peak with 1300pmm in the afternoon, which is within the comfort range and remains
steady until the end of the classes. Gaining this level of comfortable internal conditions in the
classroom are a requirement for student’s health, wellbeing and productivity.
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Figure 15: Spatial distribution of CO, concentrations with the intervention of three windcatcher
models.

The results established that according to the adaptive comfort standard and ASHRAE standard,
CO;, concentration should not exceed 1000 ppm. A difference was obtained in CO, concentration
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before and after the parametric studies for the hot period (April -30 June) as in Figure 16. The results
indicate that there is a considerable enhancement in the total level of CO, after introducing passive
cooling into the classroom. Firstly Model 2 has achieved best result with more than 75% of the total
time the space is less than 800ppm and nearly 25% of total hours within comfort range . while Model
1 with height of 3 m has lowest results with only 57% of overall hours the CO, concentration is less
than 2000ppm including more than 37% less than 800ppm. However, more than 40% of the total
hours the CO; is over 2000ppm, which is similar to the base case results. These results may be due to
the less amount of the ventilation rate of the space when using a height of 3m. This result agrees with
the study by Mahyuddin et al. (2014) as it indicates that with the operation of the windcatcher, CO,
concentration was not so high regardless of the number of occupants 30-35 students per class as the

CO, concentration was below the acceptable value (<1500 ppm) during the morning.
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Figure 16: CO, concentration of the three windcatcher models compared with the base case.

Furthermore, mean CO; values also meet the requirements for Models #2 and #3 of the European
Standards 15251 (BSI, 2007) and 13779 (BSI, 2004) and so may be considered to have high indoor
air quality and also within thermal comfort Figure 17 which is for the most of the time in summer
period the level of CO; is less than 1500pp. The maximum and mean values for the current study in
the summer are: maximum values 3430 ppm, 1268ppm and 1255ppm and mean values are: 1220ppm,
1062ppm, 584 ppm for Models #1, #2, #3 respectively. These results are equivalent to data measured
by Jones (2002) who reported maximum and mean CO; levels of 3383 ppm and 682 ppm, and 227
ppm, respectively when averaged over all of their measured classrooms. His strategy relies on fully
open windcatchers over 70% of the time and never fully closed during the summer. Hence,
improvement in ventilation rate appears when using a windcatcher with an opening window.

This current study indicates that the higher the windcatcher, the more ventilation rate in the space
as the maximum CO, concentration reduced with increasing the height.
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Figure 17: Measured CO, for occupied hours in summer.

5.2.3 RELATIVE HUMIDITY

Form literature, CO,, and RH levels are constantly monitored over some time to determine their
effect on occupants, such as its influence on the learning performance of children in schools
(Bako-Biro et al., 2004). Relative humidity levels in the summer and winter season presented in
Figures 18,19, and 20 which show that the mean levels are below 70% for both Models #2 and #3 for
the full summer semester while nearly 30% of the total time RH is over 70% for Model #1. Thus, it
demonstrates compliance within 30-70% and comes corresponding to building regulations (ODPM,
2006) and the guidelines by the Commission of European Communities (CEC, 1992), which indicates
that windcatcher has no much influence on the RH of the classroom.

This result is equivalent to Ahmadikia et al. (2012) deduced that using a type of wind-catcher
with water spry in hot and arid regions leads to a decreased air temperature and increased relative
humidity. Therefore, more pleasant thermal comfort conditions are provided for the spaces in hot and
dry days in Hot arid climates. During the winter semester, RH is mostly within comfort range under
70 % for more than 70 %, 80%, and 90% of the total time for all the model cases, respectively. To

conclude, RH does not appear to be influenced by the height of the windcatcher.
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Figure 18: Spatial distribution of RH % for the Base case and the alternatives.
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5.2.4 COOLING ENERGY CONSUMPTION

The total cooling load for the base case room was approximately 20 MWh for the whole year.
Figure 21 shows the effect of the intervention of three different heights of windcatcher on the total
demand for energy by cooling sensible load. The results reveal that windcatcher Model #1 has the
potential to reduce energy demand for cooling by nearly 4 kW, which is a reduction of more than 50%
in comparison with a base case in one of peak hot days (20th of May). On the other hand, both Models
#2 and #3 achieved similar results with a reduction of 4.8 and 5 kW respectively, for the same date.

Figure 21: Cooling load for the base case and each model

525 ENERGY CONSUMPTION ANALYSIS

This study deals with Windcatcher as an architectural element used as a passive cooling design to
improve indoor thermal comfort with reducing energy consumption during the hot season. The
performance and energy-saving potential of using three different windcatcher systems in Erbil city
evaluated through VistaPro simulation in IES of a typical school building installed with commercial
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windcatchers. Figure 16 shows the results of all the cases demand cooling load in comparison with
the base case energy consumption during the summer semester. Figure 22 illustrates a general trend
towards reducing the demand for energy during the hottest period. The use of windcatchers is helpful
to lower cooling-related energy consumption due to the temperature reduction caused by natural
ventilation. According to the design standard of a public building for energy efficiency building (B
50189-2005) reducing the design temperature of 1°C, electricity consumption in air conditioning is
reduced 5% of the total energy use.

The simulation process indicates that the building will be cooled by an air-conditioning
system if the indoor temperature cannot be maintained below 28°C by natural ventilation. Model #3
achieved a 43% reduction in the total amount of energy from the period (1/Mar.)to (30/Sep.) and also
has the least amount of energy use during each month in comparison with Models #2 and #1, and this
due to the high percentage of temperature reduce during the period. While Model #2 achieved a
nearly 46% reduction in the total cooling load. It was found that the total cooling load can be reduced
from 8.65MWh to 3.95Mwh after using windcatchers Model #1. Thus, a 58% cooling load saved
when using windcatchers, and this effect is approximately doubled by also using top-hung windows
at night. Consequently, the thermal mass of the building fabrics is cooled using cooler outdoor air.
The next morning, the building fabric can absorb more heat gains and consequently contribute to
reducing indoor temperature and cooling load as well.
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Figure 22: Cooling load distribution for the climate condition in Erbil city.

5.2.6 CFD ANALYSIS FOR WINDCATCHER MODEL

According to the CFD results, Model #2, which was the windcatcher with 6m, provides higher
efficiency in ventilating the indoor air. Figure 23 shows the CFD simulation for the windcatcher
Model #2 with a height of 6m, and it describes the distribution of the wind and wind velocity for the
windcatcher. The results indicate that when the wind contact with the tower, the air velocity is
increased in leeward while it decreased in windward. Wind speed reaches its highest velocity of 1m/s
at the top of the windcatcher when the wind enters the top of the windcatcher, which leads to an
increase in the volumetric rate of the air a causes fresh air to enter the room via the window on the top
of the wall.
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Figure 23: Wind velocity on the openings of windcatcher and 2™ floor CFD analysis (Author )
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Figure 24: Section on Z-axis wind velocity and airflow movement.

Figure 24 indicates the air velocity distribution with axis z, the results show that airflows inside
the windcatcher and the space were best driven and turbulent, and excessive velocity airflow mainly
appeared in the centre of the room and at the opening of the windcatcher tunnel, which was in favour
of removing indoor heat gain especially after opening the side window. CFD was found to give higher
volumetric airflow by almost 100%.
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6 CONCLUSION

Windcatcher is a traditional element that been employed for the buildings of the middle east in
general and Iraq, in particular, to act as a passive technique via an evaporating cooling system for
achieving thermal comfort in a hot dry region. Adopting traditional windcatcher in modern buildings
can add aesthetical value, historical and traditional intervention, and a feasible architecture feature.
The main benefit of the windcatchers is that they are passive systems needing no energy for their
operation. Wind catcher’s performance can be affected by its height after optimising other
morphological parameters such as width, length, and openings as demonstrated in this study. Three
prediction models were used to assess the performance of a windcatcher for natural ventilation
purposes in classrooms to enhance thermal comfort of students; the main results concluded as follows

Windcatcher is more effective during the early mooring than a late afternoon with 3-C difference
in temperature between these two periods.

e Increasing the height leads to enhance windcatchers performance in term of reducing the
mean radiant temperature and expanding the number of hours that is within the thermal
comfort range. The 6 m height achieved the best results, as it raised the percentage of hours
within comfort to more than75% of total hours.

e Integrating passive cooling via windcatcher has a major influence on decreasing the amount
of CO,; with increasing the height, there is a potential to drop the amount of CO; in the
classroom. Due to the rise of the wind pressure on the wind-tower that leads to the expansion
of the current wind inside the room as indicated by CFD analysis.

e Changing the height of the windcatcher does not influence Relative humidity as all the models
kept the RH within the thermal comfort range during the summer period when the class fully
occupied.

e Windcatcher has an impact on bringing low energy demand for the cooling system. Rising the
height of the windcatcher will lead to a higher reduction of the total amount of energy required
for cooling during the hot period.

e Although the results-driven from height 9m achieved the best outcomes in terms of
energy-saving and reduction of the indoor air temperature besides to the dropping of CO,
level, the height 6m which indicates second-best results can be chosen as an optimum
parameter as it costs less and has more visually appealing than the higher one. Therefore, the
height of 6m is more preferable due to economic and aesthetic reasons.

From the points above, it can be concluded that height has a direct influence on windcatcher
performance. Hence, height affects the wind speed and wind temperature which is taken into the
building by the windcatcher’s vents. Moreover, in higher areas, the wind-catcher can benefit from the
less polluted air. The classification and performance study of wind-catchers, as undertaken in this
study, are the initial steps towards providing a more comprehensive guide of wind tower designs for
passive cooling.

7 DATA AND MATERIAL AVAILABILITY
Information regarding this study is available by contacting the corresponding author.

Suzan T. Ismail, Fenk D. Miran



8 REFERENCES

Afshin M, Sohankar A, Manshadi MD, Esfeh MK. "An experimental study on the evaluation of
natural ventilation performance of a two-sided wind-catcher for various wind angles."”
Renewable Energy 85 (2016): 1068-78.

Ahmadikia, H., Moradi, A., and Hojjati, M. "Performance Analysis of a Wind-Catcher With Water
Spray." (International Journal of Green Energy ) 9 (2012).

Al-Hemiddi N, Megren Al-Saud K. "The effect of a ventilated interior courtyard on the thermal
performance of a house in a hot-arid region.” Renewable Energy 24 (2001): 581-95.

Al Jawadi, M.H. "Model of House Design Responsive to Hot-Dry Climate." Int. Journal for Housing
Science 35(3), (2011): 171-183.

Al-Jawadi M and Darwish A. "The Effect of Moisturizing Treatment of Wind-Catcher on Internal
Thermal Environment."” Iragi Journal of Architecture 1, no. March (2016).

Aljofik, E., "The Measures of Light Performance of Wind Catchers in Hot Climatic Zones." IACSIT
International Journal of Engineering and Technology 8, no. 1 (February 2016): 45-49.

Almahoozi, S. Quantifying the efficiency of vernacular windcatcher in reducing electricity
consumption in contemporary low-rise buildings; subtropical climatic regions. Newcastle:
Master thesis, Architecture & Planning Studies, Newcastle University, 2012.

Al-Shaali, R. Maximizing Natural Ventilation by Design in Low Rise Residential Buildings Using
Wind Catchers in the Hot Arid Climate of UAE. California: University of Southern California.
MA., 2002.

Al-Shwani, Salahaddin Yasin Baper. Influence of Modernity Versus Continuity of Architectural
Identity on House Facade In Erbil City, Irag. Pinang, Malaysia: PhD dissertation, University
Sains Malaysia, 2011.

ASC. ApacheSim Calculation Methods. 2015.

ASHRAE. ANSI/ASHRAE Standard 62.1: Ventilation for Acceptable Indoor Air Quality. USA:
American Society of Heating, Refrigeration, and Air,2007.,{Conditioning Engineers., n.d.

Badran, A., "Performance of cool towers under various climates in Jordan.” Energy and Buildings 35,
no. 10 (2003): 1031-1035.

Boloorchi H, Eghtesadi N. "Investigation of the Middle East Windcatchers and (Comparison between
Windcatchers in Iran and Egypt in Terms of Components).” International Journal of
Architecture and Urban Development 4, no. 1 (Winte 2014).

Bouchahm Y. and Djouima A. "The experimentation of improved evaporative cooling wind tower in
real office building."” PLEA 2008-25th Conference on Passive and Low Energy Architecture.
Dublin, 2008.

Brown G.and Dekay M. Sun, Wind, and Light: Architectural Design Strategies. London: Wiley,
2006.

Calautit JK, Hughes BR, Ghani SA. "A numerical investigation into the feasibility of integrating
green building technologies into row houses in the Middle East." Architectural Science
Review 56 (2012): 279-96.

Chan H-Y, Riffat SB., Zhu J. "Review of passive solar heating and cooling technologies." Renewable
and Sustainable Energy Reviews 14 (2010): 781-9.

Chenari B, Dias Carrilho J, Gameiro da Silva M. "Towards sustainable, energy-efficient and healthy
ventilation strategies in buildings: A review." Renewable and Sustainable Energy Reviews 59

*Corresponding author (S.Ismail). Tel:+96-47504539436 E-mail: suzan.ismail@su.edu.krd ©2020 International Transaction
Journal of Engineering, Management, & Applied Sciences & Technologies. Volume 11 No.5 ISSN2228-9860 elSSN1906-9642
CODEN: ITJEA8 Paper ID:11A05Q http://TUENGR.COM/V11/11A05Q.pdf DOI: 10.14456/ITJEMAST.2020.97



(2016): 1426-47.
Coles A, Jackson P. Windtower. London: Stacey International, 2007

Dehnavi M., Ghadiri M H., Mohammadi H., Ghadiri MH. "Study of Wind Catchers with square plan:
Influence of physical parameters.” International Journal of Modern Engineering Research
(IIMER) 2, no. 1 (Jan-Feb 2012): 559-564.

Elgendy, Karim."sustainable-design/a-damascus-school-revives-traditional-cooling-techniques."
May 24, 2010. http://www.carboun.com (accessed October 25, 2019).

Elmualim AA, Awbi A. "Wind tunnel and CFD investigation of the performance of windcatcher
ventilation systems.” International Journal of Ventilation 1 (2002): 53-64.

Elmualim, AA., "Effect of damper & heat source on wind catcher natural ventilation performance."
Energy & Buildings 38 (2006): 939-948.

El-Shorbagy, A. Design with Nature: Windcatcher as a Paradigm of Natural Ventilation Device in
Buildings. International Journal of Civil & Environmental Engineering 10(3), (2009): 26-31.

Erell E, Pearlmutter D, Etzion Y. "A multi-stage down-draft evaporative cool tower for
semi-enclosed spaces: aerodynamic performance.” Solar Energy 82 (2008): 420-9.

Faggianelli GA, Brun A, Wurtz E, Muselli M. "Natural cross ventilation in buildings on
Mediterranean coastal zones." Energy and Buildings 77 (2014): 206-18.

Florides GA, Tassou SA, Kalogirou SA, Wrobel LC. "Review of solar and low energy cooling
technologies for buildings.” Renewable and Sustainable Energy Reviews 6 (2002): 557-72.

Gage, SA, & Graham, JMR . "Static Split Duct Roof Ventilators." Building Research and, 2000.

Ghadiri MH, Ibrahim NLN, Dehnavi M. "The Effect of Tower Height in Square Plan Wind catcher on
its Thermal Behavior." Australian Journal of Basic and Applied Sciences 5 (2011): 381-5.

Ghadiri MH, Nik Ibrahim N L, and Mohamed M F. "Performance Evaluation of Four-Sided Square
Wind Catchers with Different Geometries by Numerical Method.” Engineering Journal
17(4), (2013).

Ghaemmaghami P.S., Mahmoudi M. "Wind tower a natural cooling system in Iranian traditional
architecture.” International Conference “Passive and Low Energy Cooling for the Built
Environment". Santorini, Greece, 2005.

Hejazi M, M.Saradj F. " Climatic Adaptability in Persian Vernacular Architecture.” Persian
Architectural Heritage: Architecture, Structure and Conservation, WIT Press, 2014: 527.

Hughes, B.R., Calautit, J.K. and Ghani, S.A. "The development of commercial wind towers for
natural ventilation: A review." Applied Energy 92 (2012): 606-627.

Hughes BR, Chaudhry HN, Ghani SA. "A review of sustainable cooling technologies in buildings."
Renewable and Sustainable Energy Reviews 15 (2011): 3112-20.

Jomehzadeha F.,Nejata P.,Calautit J. K., MohdYusofa M. B., Zakid Sh. A., Hughes B. R. ,Yazide M.
N. "A review on windcatcher for passive cooling and natural ventilation in buildings, Part 1:
Indoor air quality and thermal comfort assessment.” Renewable and Sustainable Energy
Reviews 70, 736-756 (2017).

Jones B. M., Kirby R., Kolokotroni M., Payne T. "Air quality measured in a classroom served by roof
mounted naturalventilation windcatchers." The 2008 Conference for the Engineering
Doctorate in Environmental Technology, Brunel University. UK, 2008.

Jones, B.M. "Quantifying the Performance of Natural Ventilation Windcatchers." Brunel University.
2002.

Suzan T. Ismail, Fenk D. Miran



Keshtkaran, P. "Harmonization between climate and architecture in vernacular heritage: a case study
in Yazd, Iran.” Procedia Engineering 21 (2011): 428 - 438.

Khan N, Su Y, Riffat SB. "A review on wind driven ventilation techniques." Energy and Buildings 40
(2008): 1586-1604.

Kilpatrick, K. Sick Classrooms Caused by Rising CO, Levels. 1 13, 2017.
https://energyalliancegroup.org/sick-classrooms-require-energy-efficient-solutions-2/
(accessed 2019).

IEA, Cool Appliances. International Energy Agency. 2003.

Kirbas B., Hizli N. "Learning from Vernacular Architecture: Ecological Solutions in Traditional
Erzurum Houses." Procedia - Social and Behavioral Sciences 216 (2016 ): 788 — 799.

Lechner, N. Heating, cooling, lighting: sustainable design methods for architects. Fourth
Edition.2014.

Li L, Mak CM. "The assessment of the performance of a windcatcher system using computational
fluid dynamics.” Building and Environment 42 (2007): 1135-1141.

Liu, Jiying & Zhu, & Kim, Moon Keun & Srebric, Jelena. " A Review of CFD Analysis Methods for
Personalized Ventilation (PV) in Indoor Built Environments." (Sustainability. ) 11 (2009).

Liu, S.C., Mak, C.M. and Niu, J.L. "Numerical evaluation of louver configuration and ventilation
strategies for the windcatcher system.” Building and Environment 46, (2011): 1600-1616.

Mahmoudi, M. and Shemirani, S. Mofidi. “Analyze on typology and architecture of wind catcher and
find the best type". Journal of Honar-haye-ziba, 36 (2009).

Mahyuddin, N.. Awbi, H. B and Alshitawi, M. "The spatial distribution of carbon dioxide in rooms
with particular application to the classrooms." (Indoor and Built Environment) 23(3), (2014).

Maleki, B. "Wind Catcher: Passive and Low Energy Cooling System in Iranian Vernacular
Architecture.” International Journal on “Technical and Physical Problems of Engineering
(JTPE) 3(8) (2011): 130-137.

Jones, M., B. Quantifying The Performance Of natural Ventilation Windcatchers, A thesis submitted
for the degree of Doctor of Environmental Technology. School of Engineering and Design ,
Brunel University, 2010.

Kamoona, M., G. "Passive Design Strategies to Enhance Natural Ventilation in Buildings" Election
of Passive Design Strategies to Achieve Natural Ventilation in Iragi Urban Environment with
Hot Arid Climate™." Journal of Engineering. 22(6), (2016): 16-38.

Malin, N. Global Ecology Center. Green Source Magazine, 2007.

Masoso, O.T., Grobler, L.J. "The dark side of occupants’ behavior on building energy use." Energy
and Buildings 14 (2010): 781-9.

McQuiston F C, Parke J D. r, Spitler J D. Heating, Ventilating and Air Conditioning: analysis and
design. Hoboken, NJ: JohnWiley and Sons, 6th Ed., 2005.

Mendell, MJ, & Heath, GA. "Do Indoor Pollutants and Thermal Conditions in Schools Influence
student performance? A Critical Review of the Literature.” (indoor air ) 15, no. 1 (2005).

Moghaddam, E.H., Amindeldar, S. and Besharatizadeh, A. "New approach to natural ventilation in
public buildings inspired by Iranian's traditional windcatcher.” International Conference on
Green Buildings and Sustainable Cities. 2011.

Montazeri H, Azizian R. "Experimental study on natural ventilation performance of one-sided

*Corresponding author (S.Ismail). Tel:+96-47504539436 E-mail: suzan.ismail@su.edu.krd ©2020 International Transaction
Journal of Engineering, Management, & Applied Sciences & Technologies. Volume 11 No.5 ISSN2228-9860 elSSN1906-9642
CODEN: ITJEA8 Paper ID:11A05Q http://TUENGR.COM/V11/11A05Q.pdf DOI: 10.14456/ITJEMAST.2020.97



windcatcher."” Building and Environment 43 ( 2008): 2193-202.

Montazeri, H. "Experimental and numerical study on natural ventilation performance of various
multi-opening wind catchers." Building and Environment 46 (2010): 370-8.

Montazeri, H., Montazeri, F., Azizian, R. and Mostafavi, S. "Two-sided wind catcher performance
evaluation using experimental, numerical and analytical modeling.” Renewable Energy 35,
(2010): 1424-1435,

Nejat P., Jomehzadeh F, Hussen H M., Calautit J K and Abd Majid M Z. "Application of Wind as a
Renewable Energy Source for Passive Cooling through Windcatchers Integrated with Wing
Walls,." Energies 11, 2536, no. 10 (2018).

Oakley, G., A combined day lighting, passive stack ventilation & solar heating system. Nottingham:
Ph.D. Thesis, University of Nottingham, 2002.

Olsen E., Chen Q. "Energy consumption and comfort analysis for different low energy cooling
systems in a mild climate.” Energy & Buildings 35 (2003): 561-571.

Raof, Y., B. "Developing Vernacular Passive Cooling Strategies in (Kurdistan-Iraq)." International
Journal Of Scientific & Technology Research 7, no. 3 (March 2018).

Reyes VA, Moya SL, Morales JM, Sierra-Espinosa FZ. "A study of air flow and heat transfer in
building wind tower passive cooling systems applied to arid and semi-arid regions of
Mexico." Energy and Buildings 66 (2013): 211-21.

Roaf S. "Air-conditioning avoidance: lessons from the windcatchers of Iran." International
Conference “Passive and Low Energy Cooling for the Built Environment”. Santorini, Greece,
May 2005.

Roaf, S. "Wind Catchers, Living With the Desert ." (E. Beazley, Ed : Air&Philips) 1982.

Ruan F, Li N, Long J. "Calculation and Assessing Natural Ventilation in a Single Opening Office
Room With Different Windows in the Regime of Hot Summer and Cold Winter." 2012.

Saadatian, O., Haw, L., Sopian, K., Sulaiman, M. " Review of windcatcher technologies ." Renewable
and Sustainable Energy Reviews 16 (2012): 1477-1495.

Saadatian O, Sopian K, Salleh E, Lim CH, Riffat S, Saadatian E. "A review of energy aspects of green
roofs."” Renewable and Sustainable Energy Reviews 23 (2013): 155-68.

Schulze T, Eicker U. "Controlled natural ventilation for energy efficient buildings." Energy and
Buildings 56 (2013): 221-32.

Sharples S., and Bensalem R. "Airflow In Courtyard And Atrium Buildings In The Urban
environment: A Wind Tunnel Study." Solar Energy 70(3), (2001): 237-244.

Soni SK, Pandey M, Bartaria VN. "Hybrid ground coupled heat exchanger systems for space
heating/cooling applications: A review." Renewable and Sustainable Energy Reviews 60
(2016): 724-38.

Spentzou, E., Cook, M.J.and Emmitt, S. "Natural ventilation strategies for indoor thermal comfort in
Mediterranean apartments.” Building Simulation, 2017.

UNEP, United Nations Environment Programme. "Handbook for the international treaties for the
protection of the ozone layer." Kenya, 2003.

Viktor, D. Ventilation concepts for sustainable buildings. Germany: World Renewable Energy
Congress VII, 2002.

Wargocki, P., Wyon, DP, Matysiak, B., Irgens. "Effects of Classroom Air Temperature and Outdoor
Air Supply Rate on the Performance of School Work by Children.” Indoor Air, 2005: 5.

Suzan T. Ismail, Fenk D. Miran



Wheeler, S. and Beatley, T. " The Sustainable Urban Development.” New York, 2004.

Zarandi, M., "Analysis on Iranian Wind Catcher and Its Effect on Natural Ventilation as a Solution
towards Sustainable Architecture(Case Study: Yazd)." International Journal of Humanities
and Social Sciences 3(6), (2009).

Zhe Ji, SuY., Khan N. "Performance Evaluation and Energy Saving Potential of Windcatcher Natural
Ventilation Systems in China." International Journal of Architecture, Engineering and
Construction 1, no. 2 ( June 2012): 84-95.

¥ Suzan T. Ismail is a Lecturer at Architecture Department, University of Salahaddin-Erbil, Erbil City, Iraq. She gained her
s = B Sc. in Architecture from University of Baghdad, Iraq and her M.Sc. with specialization in Landscape from the same
i = university. Her research interest is in Sustainability, Sustainable Landscape, Green Transportation, and Environmental

‘ = /J  Design.

L.ASST. Fenk D. Miran is an Assistant Lecturer at the Department of Architecture at University of Salahaddin-Erbil, Erbil
City. She obtained her BS in Architecture from Salahaddin University-Erbil. She continued her M.Sc. in Sustainable
Building and Environment at Newcastle University -United Kingdom. Her research interests include Sustainable
Architecture, Environmental Design in Architecture, Heritage Building and Historical Retrofits, considering Architectural
Design within a broad Social, Environmental and Economic Context.

Trademarks Disclaimer: All product names including trademarksor registered® trademarks mentioned in

this article are the property of their respective owners, using for identification and educational purposes
only. The use of them does not imply any endorsement or affiliation.

*Corresponding author (S.Ismail). Tel:+96-47504539436 E-mail: suzan.ismail@su.edu.krd ©2020 International Transaction
Journal of Engineering, Management, & Applied Sciences & Technologies. Volume 11 No.5 ISSN2228-9860 elSSN1906-9642
CODEN: ITJEA8 Paper ID:11A05Q http://TUENGR.COM/V11/11A05Q.pdf DOI: 10.14456/ITJEMAST.2020.97



	THE REVIVAL OF TRADITIONAL PASSIVE COOLING TECHNIQUES FOR SCHOOL BUILDINGS THROUGH WINDCATCHERS
	1 INTRODUCTION
	2 LITURATURE REVIEW
	3 Materials and Method
	3.1 Passive cooling techniques
	3.2 Windcatchers
	3.3 Windcatcher function
	3.4 Windcatcher types
	3.5 Windcatcher properties
	3.5.1 Shape (cross-section)
	3.5.2 Openings
	3.5.3 Height
	3.5.4 Materials

	3.6 Windcatcher and architecture identity

	4 Methodology
	4.1 Model and the operational profile
	4.2 Geometrical model
	4.3 Simulation process

	5 Results and discussion
	5.1 Base case simulation results
	5.2 Integrating Windcatcher to the Classroom as a Mean for Passive Cooling, the results are as following:-
	5.2.1 Mean radiant temperature
	5.2.2 Carbon dioxide concentration analysis
	5.2.3 Relative humidity
	5.2.4 Cooling energy consumption
	5.2.5 Energy consumption analysis
	5.2.6 CFD analysis for windcatcher model


	6 Conclusion
	7 DATA AND MATERIAL AVAILABILITY
	8 References

