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Abstract

This paper aims to present a new wind catcher design to improve performance.
In the hot seasons, in this work employing minaret as wind catcher, the ground
temperature is much lower than the surface temperature, it can be used as a free
cooling source. Accordingly, the first part of the minaret is above ground level,
with a sprinkler system on the surface of the minaret lining. The second part of
the minaret continues below ground level and is connected to a network of tubes
under the soil. The proposed wind catcher is a passive cooling system where the
air flow is due to the pressure difference in the air column. However, there are
doubts about its efficiency at low wind speeds. This research adopted two
methods to test its hypothesis: an experimental test and a simulation method
involving computational fluid dynamics (CFD). The obtained results were close
between the two methods. Increase airflow velocity can decrease air temperature.
The indoor temperature decreased to 21.4 °C when it was 47.5 °C outside,
and the humidity improved by 28% in the summer. The temperature increased to
9.5 °C in winter, while the temperature outside was 7.7 °C. The new design
proposed in this paper approaches ASHRAE 62.1 with improved efficiency. To
enhance the proposed wind catcher optimization model and increase wind flow
using several factors, including the number of air inlets and the length of the pipe
network within the soil. To improve thermal comfort and reduce energy
consumption and environmental pollution.
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1. Introduction

Global warming is a great challenge facing communities around the world [1]. The
consumption of fossil fuel energy and the emission of carbon dioxide significantly
increase global warming. The construction sector participates in about 40% of the
world's energy consumption [2]. Natural ventilation technology is essential to
reducing energy dependence in buildings. One of the main problems with indoor
ventilation electrical systems is air pollution caused by mold and fungus inside
ventilation pipes and outputs [3]. This problem leads to poor system performance
and can cause diseases for building occupants [4]. Many studies have addressed
thermal comfort, energy consumption, and internal air quality in buildings [5-7].
Many strategies have been proposed and adopted t0 improve less usage of energy.
One of these strategies is the wind catcher, known in the Middle East as (Badger),
which is a traditional building element used to improve internal thermal comfort. It
may be described as a one-end chimney inside the building, and the upper end
extends to a certain height above the roof level to catch the air and re-direct it down
into the building. It spread clearly in traditional Iraqgi architecture, and the air
continues to move to the basement to increase air humidity. Badgers have
disappeared from contemporary architectural designs due to the development of
electrical ventilation systems [8, 9].

In order to reuse the wind catcher in modern building design, there were many
studies that analysed its function, effectiveness and ways to improve it. Earth-to-
air heat exchanger (ETHE) system is one such example that relies on pumping air
into tubes [10]. Another example is the wind catcher (WEAHE) [11]. Castillo et al.
explained the selection and evaluation of (WEAHE) configurations, and the results
showed the ratio of air speed and flow distribution in buildings [12]. The research
of John Castillo et al. examined the internal environmental quality and the
performance of the wind catcher as a natural ventilation element combined with
heat transmission devices using computational fluid dynamics [13]. Jomehadeh et
al. [14] showed that parameters related to external conditions and local weather are
major factors affecting the wind catcher's ventilation efficiency. In addition to the
above-mentioned studies, there were many other studies that addressed the
important role of a wind catcher [15-17]. The difference between the current study
and previous studies is its dependence on employing the minaret in the mosque as
a wind catcher for passive evaporative cooling and not relying on mechanical aids
to achieve effective natural ventilation of a large space.

This study emphasized an integrated design encompassing a wind catcher and
a minaret. Part of the minaret is constructed underground, containing a group of
pipes. Heat exchange occurs through the surfaces of pipes made of pottery placed
in the soil and through the walls of the minaret. Air flows from openings at the top
of the minaret, gets past the water sprinkler system inside the minaret, and then
moves into the tubes in the ground, which are usually wet due to groundwater. And
the fan. As a result, heat exchange takes place between air, damp minaret walls,
and damp pipes under the soil. This research aims to employ the minaret as a wind
catcher within a special design. As one of the passive cooling systems based on the
movement of air as a result of the difference in the air column. The research started
from a hypothetical conception regarding the role of wind catcher height and
internal space in improving thermal comfort and reducing the dependence on fossil
energy in buildings, and that air flows as a result of differences in the air column
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pressure. This research proposes that this ventilation system can be developed with
a number of effective parameters in tower designs in new housing complexes and
that it can achieve natural ventilation to reach thermal comfort limits.

1.1. Minarets in architecture

A minaret is a distinctive architectural element in Islamic architecture with a tower-
like structure that is usually located next to mosques or within the structure of a
mosque, along with a conical crown. They have different patterns depending on the
time period and the regions in which they are located. The shape of the minarets is
generally round, spiral, octagonal, or square [18]. The minaret is a common visual
axis in prayer (the adhaan). Mosques have a prayer hall with a high ceiling. The
roof may be in the shape of a dome, or the dome may be part of the ceiling. The
dome has windows at its base to help the hot air accumulated in the upper parts
escape, leaving the cold air in the lower areas. Currently, the minaret is a traditional
symbol in Islamic countries. However, its main function is to provide a place for
the person responsible for the call to prayer. It also represents an aesthetic and
symbolic feature. Therefore, we believe that the minaret can be used to achieve
natural ventilation by making some adjustments that do not affect its main function
or other design considerations.

1.2.Wind catcher and architecture

Wind catcher (Badger) is a traditional Islamic architectural component that has
been used to achieve normal ventilation in buildings [19]. It represents a cooling
system in traditional buildings in the Middle East. Its function resembles a chimney
that is open to the wind, regardless of location or size. Its main function is to air-
condition the indoor environment using renewable wind energy. This cooling
system is carried out in two ways: displacement and evaporation. Residents of hot,
dry climatic regions in the Middle East were encouraged to find natural ways to
keep their homes as comfortable as possible during the hot days of summer. The
shape of a wind catcher was determined according to the direction of the prevailing
winds. There are a number of wind catchers in Middle Eastern countries like Iraq.
Afghanistan and Iran: one-way, two-way, and multi-directional. Nonetheless,
examples of wind catchers can also be found in Western architecture. A recent
example can be seen at the visitor center in Zion National Park. It was designed to
regulate the temperature without relying on mechanical devices [20]. Various
materials, including aluminum, were used to increase the effectiveness of the wind-
capturing system from different angles.

2. Minaret Design as a Wind Catcher and a Passive Ventilation System

A traditional wind catcher tower, which is at an altitude above the building level,
picks up air and transfers it into the building. It has openings at the top facing the
prevailing winds. Minarets have a larger internal cavity compared to the narrow
passage of a wind catcher. This difference provides the possibility of using the
minaret as a wind catcher. The proposed design of the new minaret is as follows:

e The structure of the minaret rises above ground level by 26.00 m, with a wind
outlet on both sides, and part of the minaret structure continues 4 m deep into
the ground.
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o Under the ground level of a mosque and a 4 m depth within the soil is required.
The rate of groundwater in the city of Baghdad is 2 m, which achieves moist
soil and increases the moisture in the pipes. To achieve moist soil and increase
the moisture of the pipes, there is a group of pipes between 80 m and 90 m
long. The pipes are made of polyethylene or burnt mud combined with
chemicals to prevent the growth of microbes on the internal surfaces of the
pipes. In terms of quality, the pipes can withstand high pressure, soil resistance,
and heat exchange.

o Air supply to the prayer hall comes from four outlets distributed evenly, 2 m high
from the hall level, containing a fan that contributes to increasing the air flow
inside the hall, combined with devices that control its opening and closing.

e |aying two perpendicular layers of moisture barrier between the structure and
the lining layer to prevent moisture penetration into the minaret structure.

® Piping system (for wetting) lines the minaret. Plastic pipes in diameter 50 mm
and holes of 3 mm, 12 cm apart. The system also includes a water tank with a
controller to manage the amount of downstream water.

e The ceiling of the prayer hall contains a dome with windows at its base that
are associated with the system. These openings help remove the accumulation
of warm air near the ceiling from the prayer hall. Fans can be placed to increase
air movement.

e A fan is placed in the minaret cavity that rises above the prayer room level to
increase air movement during low wind speed periods in the summer.

On the one hand, the soil characteristics, the grade of soil temperature, rise and
decrease depending on the depth and soil type, 10-18 °C. Deep soil of 3.0-4.0 m
has a symmetric temperature [19]. Differences in the air column’s pressure, the air
pressure on the inside and outside. The speed of outdoor wind affects wind speed
inside the minaret. The amount of air flowing into the minaret is greater than the
amount found in a conventional wind catcher because the traditional wind catcher
section is about 0.25 m?. In addition, the air inside is less dusty due to the use of an
air-purifying filter. Due to the moisture in the minaret lining from the influx of
water drops and the moisture in the underground pipes from the groundwater,
evaporative cooling takes place, causing cold air drafts to form and move into the
prayer room. Air pushers draw warm air out through the windows of the dome.
The potential for increased competence in this process lies in the height of the
minaret cavity elevation. This new design of a minaret wind catcher increased heat
exchange and passive natural ventilation between moist underground pipes and the
wet walls of the minaret.

3. Research Methodology

research was carried out in 2017 during summer and winter. Two months for each
season; July, August in the summer, December, November in winter. Four
consecutive days for each test

o Field measurements of a sample mosque in Baghdad were taken.
e Testo 417 Set-2 Anemometer was utilized.
e Adoption of computer simulation with Computer Fluid Dynamics (CFD).
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3.1.Study sample

A mosque in Fig. 1 was used as a model in this study and is located in the city of
Baghdad. The area of the prayer hall is 140 m?, with a length 14.00 m, display 10.00
m, and the rise 5.00 m. The walls were built of bricks, 36 cm wide. The outer
surfaces are covered with Seano stone, while the internal surfaces are rendered with
plaster. The windows are PVC, double-glazed, and have concrete roofing. The
minaret is located 8 meters away from the mosque. The minaret base is in an
octagonal polygon with an area of 4.88 m? and rises 8.00 m above ground level.
Part of the minaret is 4.0 meters underground. The cavity of the minaret includes a
vertical aluminum staircase. The top of the minaret contains openings at a height
of 20.40 m to allow air to enter the minaret’s cavity.

|

Underground Floor Plan Ground Floor Plan
Fig. 1. The diagram of the study sample, and a section
showing the movement of air through the minaret and the prayer hall.
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3.2.CFD application

Computer Fluid Dynamics (CFD) was used to get more accurate results and a better
understanding of airflow simulation and heat transfer using four-dimensional models.
Many researchers have effectively studied various cases by applying different
models using (CFD) [20-26]. These investigations have improved knowledge of
the application of (CFD) to simulate and solve flow impediments over the past four
decades. The reliance on efficient design has increased dramatically due to tool
accuracy, predictability, and cost, and it has become a fairly well-established
system shared by a number of fields in science and engineering. Analysis methods
can be used to simulate fluid and heat flow problems, which were explained using
differential equations (PDEs). The quality of computer simulation results (CFD)
correlates with key parameters represented by the number of pipe meshes, their
depth, and their length. The increase in the length of the mesh caused an
improvement in the thermal comfort conditions within the space.

3.3.Characterization of heat exchange

Heat exchange occurs in several phases. In the first phase, the air inside the minaret
exchanges heat with the wet lining of the minaret to a height of 7 m. This exchange
cools the air to a certain degree. In the second phase, the air moves into the wet
underground pipes, 60 cm in diameter and 3 cm thick, slightly tilted towards the
minaret base to control the water inside the perforated pipes. The underground
water, the low temperature of the 4 m deep soil, and the wet pipes further cool the
air due to heat exchange. The fan at floor level in the prayer hall moves the air from
the openings of the minaret to the lining of the minaret, then into the pipes, and
finally into the prayer hall through four outlets equipped with fans. Air flow occurs
because of the variance in air column pressure. The warm air exits from the base
openings of the dome, testo 417 Set-2 anemometers were used for the measurement
of wind speed and temperature, Table 1.

Table 1. Thermal and physical teachers supported simulation.

Densitv Specific heat Thermal
Material ag“;"-;} Capacity Conductivity
gm Wikg K) (Wi K)
Soil 2050 1840 052
Air 1.225 1006 0.0242
PVC 1380 900 1.16
Potterv therapist 1600 1436 0.405

3.4.Hourly analysis

To check the minaret's design performance as a wind catcher, evaporative cooling
system, heat exchange amounts, and the effect on movement of natural air, and to
set suitability the proposed thermal comfort system (CFD) modeling software was
used for validation for the 14-15-16 test days of the summer months of August and
July 2017, as well as December and November 2017, for four hours per day from
12:00 to 15:00. The measurements of air speed were 1.5-3.0-5.0 m/s. Calculation
of the manifestation factor (COP) followed the formula proposed by ASHRAE
(2007) [27]. Total air flow, energy input, and cooling temperature for different
cooling hours were calculated using a number of equations:
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Q out =1 ¢, (T outlet - T inlet) (1)

where T outlet = exit temperature (°C), T inlet = entrance temperature (°C)
cp = at pressure, specific constant heat capacity (kJ/kg °C"), and 7t = nt/4 d?pv,
and V = vel (nd?/ 4)x10* [4]

COP = Qout/ Win O]
where Wi, = Energy input, (W), Q out = the heat that the air adds (W")

m=V/v 3)
where v = determined volume of air (m® kg™?), V = rate of volumetric flow (m® s?)
ACR =Q x 3600/ v 4

4.Results and Discussion
4.1. Temperature of the soil regime

Temp. Of the soil depended on its physical properties and the homogeneity of its
ingredients, as well as the groundwater level in the study area. The temperature at
a depth of 2-3 m was stable. During the testing period at a depth of 2.5-3.0 m, the
temperatures extended from 22.40 °C to 24.50 °C [28].

4.2. Experimental readings from a wind catcher

Table 2 presents results of study model in terms of temperature inside and outside
the prayer hall during the test period during four months in 2017: August, July,
December, and November. For the days of the 14th, 15th, and 16th, daily for five
hours, from 11:00 to 16:00. The outcomes demonstrated a distinct distinction
between outdoor and indoor temperatures during December in the winter and
August in the summer in comparison to other months. The recorded differences
were between 18 °C in summer and 10 °C in winter.

Table 2. Experimental indicators average five hours,
from 11:00 to 16:00 during the winter and summer months of 2017.

Degrees of medium air ~ Degrees of medium air Degrees of medium air
Month Tem for the dayl4 Tem for the day15 Tem for the day16
Internal External Internal External Internal External
Temp. Temp. Temp. Temp. Temp. Temp.
July 27.8 46.7 27.8 475 27.6 46.8
August 28.1 475 27.9 46.9 27.5 47.7
December 18.1 10.5 17.9 10.7 19.1 10.7
November 17.8 9.5 17.8 9.9 19.0 10.6

4.3. Experimental simulations for heat exchange

Table 3 shows the indoor prayer room temperature and outside_temperature while
in the testing period of summer and winter 2017 for five hours, from 11:00 to 16:00
each day. Results showed clear variance between outdoor and indoor temperatures.
Figure 2 Computer simulations of the internal flow with the difference in the
movement of the external air for a new design proposed for wind traps, which
enhances its efficiency and increases the volumetric rate of air flow within the
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concept of a ground-to-air heat exchanger, and thus the relative humidity increases
according to the pressure of the air column.

o " -

i 1.

Fig. 2. Simulation of inlet expansions for wind catchers.

It decreased in summer to 18.0-19.3 °C when the outdoor temperature was 46.7
°C and 47.5 °C. The indoor temperature increased to 10.3 °C when the outside
temperature was 9.5 °C and 10.5 °C in the winter. Table 3 shows average readings
from the computer and experimental simulations for outdoor temperatures, minaret
temperatures, the wet foundation of the minaret, and the temperature in the air outlet
of the prayer hall. The speed of the wind was 1.5-2.5-5.0 m/s during the period of
study. The observed airflow rate was 1.5 m/s in the month of July during the summer.
There was a slight difference in temperature from 19.1 °C to 19.3 °C. This difference
increased when air velocity was 5 m/s, from 18.8 °C to 20.3 °C. Air velocity was
affected by the difference in summer temperatures and the proximity to the thermal
comfort limits of the indoor spaces. In winter, the recorded temperatures were within
the limits of thermal comfort. Thermal readings from the proposed ventilation system
came close to thermal comfort limits in the summer. Thus, it can be stated that thermal
comfort could have been reached with a little aid from air-conditioning appliances.
The system can therefore be utilized and applied in hot regions. Table 3, Fig. 3. The
computer simulation program was reused for nine hours in the middle of the summer.
August, July, and winter. December-November. Table 4.

Table 3. Simulation and experimental temperature
average five hours from 11:00 to 16:00 for the 14th day of the studied
months in the winter and summer of 2017.

Speed of air flow =1.5m/s Speed of air flow =2.5m/s Speed of air flow =5 m/s
Month Site Sim. Exp. RH Sim. Exp. RH Sim. Exp. RH
Temp. Temp. Temp. Temp. Temp. temp. "
T inlet 46.7 46.7 22% 46.7 46.7 21% 46.7 46.7 20%
July Tm 32.6 33.6 24% 32.6 33.1 26% 31.6 32.2 27%
ou-[let 27.6 27.8 28% 27.6 28.0 29% 27.9 27.1 29%
g T inlet 47.5 47.5 19% 47.5 47.5 19% 47.5 47.5 19%
E August Tm 33.1 33.9 23% 32.7 32.2 24% 32.1 32.6 24%
z ou-[let 28.2 28.1 28% 27.6 28.1 29% 27.2 271.7 29%
Decembe T inlet 10.5 10.5 65% 10.5 10.5 65% 105 105 66%
r T™m 14.2 134 65% 14.6 14.9 67% 14.9 15.2 68%
oul—let 18.2 18.1 69% 19.0 19.1 71% 19.0 19.4 75%
s T inlet 95 95 66% 95 95 66% 95 95 69%
£ Novemb ™m 14.5 13.9 66% 14.6 14.9 69% 14.8 15.3 68%
2 er OUII o 185 178 70% 197 189  74% 192 198  74%
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Table 4. The figure shows the results of the computer simulation
program (Sim. Temp. (°C)). For nine hours from 11.00 to 19.00 for the
fifteenth day of the studied months in the winter and summer of 2017.

Section along the length of WETAHE summer 2017

Fig. 3. Appearance of temperature along the air flow through pipe and a
wind catcher within airflow rate 1.5 m/s through winter and summer 2017.

4.4.Pipeline mesh parameters

Some of the main parameters have increased system efficiency, including the
length of the underground pipe network, which can increase the period of air
movement in those pipes, i.e. increased heat exchange between cold pipe surfaces

Journal of Engineering Science and Technology

December 2023, Vol. 18(6)
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and air. This elongated period of heat exchange can lower the summer air
temperature and raise it during the winter.

4.5. Comparison outcomes and thermal comfort limits

July 15 and August 15, 2017: Average air temperature inside prayer hall was read
with a dry thermometer. It was 29.1 °C. The relative humidity was about 20%.
Air temperature on a thermometer for wet bulbs was 18.0 °C [29]. The average
air flow inside the prayer hall was about 1.5 m/sec. Therefore, feeling hot for a
person dressed in casual clothing (1 Clo.), shown in Fig. 4, was 22.4 °C, within
thermal comfort limits [30].

Fig. 4. Relationship between humidity RH20%, air temperature
29.1 °C and air velocityl.5 m/sec to ascertain thermal comfort limits.

5.Conclusions

Several factors contributed to make the proposed design more efficient than the
traditional badger. The proposed design has a larger interior space compared to a
conventional wind catcher, which results in an increased amount of air inside. The
large height of the wind trap (minaret) contributes to capturing more air from the
upper layers, which are cooler and less dusty. Air moves as a result of the disparity
in pressure in the air column without using the mechanical means adopted in all
previous, recent research, and it is faster within the proposed design. In addition,
the continuous wetting of the wall and the movement of air in the underground
pipes in the proposed design are an improved strategy for lowering air temperature
and raising air humidity within the limits of human thermal comfort. This is because
the heat exchange system (MEAHE) depends mainly on the earth's heat and various
factors, such as the low fixed soil temperature at a depth of 4 m, the minaret lined
with adobe bricks and the dependence on water spraying the minaret structure from
inside and mud pipes in the wet soil due to groundwater.

The pipe's path's length and_capture of a greater amount of air, all of these
factors contributed to increasing evaporative cooling and improving the relative
humidity and air temperature. Results showed there was a direct relationship
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between air velocity and pipe length. Inverse relation between tube length
moreover, humidity confirmed use of clay tubes. Coefficient of performance (COP)
achieved a difference of 4.50 to 3.10 with an improvement speed of air 1.5 to 5 m/s.
There is understanding between the outcomes of the simulation and those of the
experiment, there was a decrease in the air temperature within the air path. It
increases with the increase in the speed of air movement. The airflow can be used
to drive wind turbines inside the minaret to generate electricity for the fans.

These modifications improved new design performance in terms of passive
evaporative cooling. Therefore, the proposed design has the potential to provide a
sustainable source of natural ventilation that can significantly reduce dependence
on non-renewable energy sources in hot countries such as lIraq.

Nomenclatures

ACR Air change rate

cp Specific heat capacity at constant pressure, kJ/ kg °C

M Mass flow rate, kg s

T outlet Outlet temperature, °C

T inlet Entrance temperature, °C

Win Energy input, W

Qout Heat added by the air, W

Vel Air velocity, ms?

\Y Rate of volumetric flow, m3 s

v Volume of air, m® kg*
References

1. Parry, M.; Canziani, O.; Palutikof, J.; van der Linden, P.; and Hanson, C.
(2007). Climate change. Impacts, adaptation and vulnerability. Cambridge
University Press.

2. Hasan, S.A. (2018). The impact of residential building's design on the energy
consumption in hot desert climate (Baghdad city as an example). Journal of
Urban and Environmental Engineering, 12(1), 88-92.

3. Santamouris, M. ; and Kolokotsa, D. (2013). Passive cooling dissipation
techniques for buildings and other structures: The state of the art. Energy and
Buildings, 57, 74-94.

4. Calautit, J.K.; O’Connor, D.; Hughes, B.R. (2014). Determining the optimum
spacing and arrangement for commercial wind towers for ventilation
performance. Building and Environment, 82, 274-287.

5. Chenari, B.; Carrilho, J.D.; da Silva, M.G. (2016). Towards sustainable, energy
efficient and healthy ventilation strategies in buildings: A review. Renewable
and Sustainable Energy Reviews, 59, 1426-1447.

6. Jassim, JALAW. (2021). Designing a passive-cooling, sustainable wind

catcher in hot, dry area. Periodicals of Engineering and Natural Sciences, 9(3),
725-733.

7. Li, Y (2013). Thermal performance analysis of a PCM combined solar
chimney system for natural ventilation and heating/cooling. PhD Thesis.
Coventry University. Shanghai, China.

Journal of Engineering Science and Technology = December 2023, Vol. 18(6)



3178 J. A. A. W. Jassim and Z. H. Mohson

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Bansal, V.; Misra, R.; Agrawal, G.D.; and Mathur, J. (2009). Performance
analysis of earth-pipe-air heat exchanger for winter heating, Energy and
Buildings, 41(11), 1151-1154.

Bansal, V.; Misra, R.; Agrawal, G.D.; and Mathur, J. (2010). Performance
analysis of earth-pipe-air heat exchanger for summer cooling, Energy and
Buildings, 42(5), 645-648.

Darkwa, J.; Kokogiannakis, G.; Magadzire, C.L.; and Yuan, K. (2011).
Theoretical and practical evaluation of an earth-tube (E-tube) ventilation
system, Energy and Buildings, 43(3), 728-736.

Jassim, JALAW. (2021). Evaluation of the thermal performance of the
geometry of the domed roof, Periodicals of Engineering and Natural Sciences.
9(3), 514-520.

Castillo, J.A.; Huelsz, G.; van Hoof, T.; and Blocken, B. (2019). Natural
ventilation of an isolated generic building with a windward window and
different windexchangers: CFD validation, sensitivity study and performance
analysis. Building Simulation, 12, 475-488.

Calautit, J.K.; Tien, P.W.; Wei, S., Calautit, K.; and Hughes, B. (2020).
Numerical and experimental investigation of the indoor air quality and thermal
comfort performance of a low energy cooling wind catcher with heat pipes and
extended surfaces. Renewable Energy, 145, 744-756.

Jomehadeh, F.; Hussen, H.M.; Calautit, J.K.; Nejat, P.; and Ferwati, F.M.
(2020). Natural ventilation by windcatcher (Badgir): A review on the impacts
of geometry, microclimate and microclimate. Energy and Buildings, 226,
110396.

Lin, Y.; Feng, H.; Yang, W.; Hao, X.; Tian, X.; and Yuan, X. (2022). Thermal
performance optimization of a semi-nested building coupled with an earth-to-
air heat exchanger using iterative Taguchi method. Renewable Energy, 195,
1275-1290.

Maytorena, V.M.; Hinojosa, J.F.; Moreno, S.; Buentello-Montoya, D.A.
(2023). Thermal performance analysis of a passive hybrid earth-to-air heat
exchanger for cooling rooms at Mexican desert climate. Case Studies in
Thermal Engineering, 41, 102590.

Sadeghi, H.; and Kalantar, V. (2018). Performance analysis of a wind tower in
combination with an underground channel. Sustainable Cities and Society, 37,
427-437.

Harper, D. (2023). minaret Online Etymology Dictionary. Retrieved March 21,
2022, from https://www.etymonline.com/word/minaret

thishigcity (2022). How ancient Persian architecture captured wind energy
underground to green buildings. thisbigcity.net. Retrieved March 21, 2022,
from https://thisbigcity.net/how-ancient-persian-architecture-captured-wind-
energy-underground-to-green-buildings/.

Malone, A. (2012). The wind catcher house. Architectural Record: Building
for Social Change. McGraw-Hill.

Dehghan, A.A.; Esfeh, M.K.; and Manshadi, M.D. (2013). Natural ventilation
characteristics of one-sided wind catchers: experimental and analytical
evaluation. Energy and Buildings, 61, 366-377.

Journal of Engineering Science and Technology = December 2023, Vol. 18(6)


https://www.sciencedirect.com/journal/energy-and-buildings
https://www.sciencedirect.com/journal/renewable-energy
https://www.sciencedirect.com/journal/case-studies-in-thermal-engineering
https://www.sciencedirect.com/journal/case-studies-in-thermal-engineering
https://www.sciencedirect.com/journal/sustainable-cities-and-society/vol/37/suppl/C
https://www.sciencedirect.com/journal/sustainable-cities-and-society
https://www.sciencedirect.com/journal/sustainable-cities-and-society/vol/37/suppl/C
http://www.etymonline.com/index.php?term=minaret

Design and Evaluation of The Performance of Wind Catcher Integration . . . . 3179

22.

23.

24.

25.

26.

217.

28.

29.

30.

Franke, J.; Hirsch, C.; Jensen, A.G.; Kriis, H.; Schatzmann, M.; Westbury, P.S.;
Miles, S.D.; Wisse, J.A.; and Wright, N.G. (2004). Recommendations on the use
of CFD in wind engineering. Proceedings of the International Conference on
Urban Wind Engineering and Building Aerodynamics: COST Action C14 -
Impact of Wind and Storm on City Life and Built Environment. Rhode-Saint-
Genese: von Karman Institute for Fluid Dynamics. C.1.1-C.1.11..

Jassim, JALAW.; Hassan, S.A.; and Maula, B.H. (2020). Design of wind
catcher for earth air heat exchangers to rationalize energy consumption.
Journal of Advanced Research in Fluid Mechanics and Thermal Sciences,
65(2), 286-294.

Jassim, J.ALAW. (2018). A new design of the minaret as a two - sides wind
catcher integrated with the wing wall for passive evaporative cooling in hot
climates. Journal of Engineering Science and Technology, 13(11), 3856-3873.
Gan, G. (2010). Simulation of buoyancy-driven natural ventilation of
buildings-Impact of computational domain. Energy and Buildings, 42(8),
1290-1300.

D'Agostino, D.; and Congedo, P.M. (2014). CFD modeling and moisture
dynamics implications of ventilation scenarios in historical buildings. Building
and Environment, 79, 181-193.

ASHRAE (2007). Handbook of application. Atlanta, Ga. American Society of
Heating, Refrigerating and Air Conditioning engineers Inc.

Al-Sudani, H.l.Z. (2018). Hydrogeological properties of groundwater in
Karbala’a Governorate — Irag. Journal of Babylon University, 26(4), 70-84.
Stull, R. (2011). Wet-bulb temperature from relative humidity and air temperature,
Journal of Applied Meteorology and Climatology, 5(11), 2267- 2269.

Ogunsote, O.0.; and Prucnal-Ogunsote, B. (2002). Comfort limits for the

effective temperature index in the tropics: A Nigerian case study. Architectural
Science Review, 45(2), 125-132.

Journal of Engineering Science and Technology = December 2023, Vol. 18(6)



