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This study explores the geometrical design of windcatchers, a traditional
architectural element offering a sustainable solution for natural ventilation
in hot, arid climates. The growing demand for energy-efficient cooling has
renewed interest in windcatchers, but their integration into contemporary
architecture remains limited due to knowledge gaps and practical challenges.
The study aims to: (1) offer architects practical guidelines for incorporating
windcatchers into their designs, (2) create a research roadmap to address
underexplored geometrical design parameters, and (3) standardize design
parameters for each windcatcher component. The review identified well-
studied components, such as aerodynamic advantages of curved top surfaces.
It highlighted inconsistencies in literature and unvalidated findings, such as
conflicting findings on the optimal outlet-to-inlet area ratio. It also revealed
unexplored design parameters that require further investigation. The study
developed a structured research roadmap with standardized design parameters,
facilitating the creation of a comprehensive design guide for architects that
ultimately enabling the more widespread and effective use of windcatchers in
contemporary architectural practice.

KEYWORDS

windcatcher, natural ventilation, geometrical design parameters, primary components,
supplementary components, wind tower

1 Introduction

Natural ventilation plays a crucial role in passively supplying fresh air to buildings,
particularly in hot, arid regions where it can meet cooling demands without relying on
energy-intensive mechanical air conditioning systems. As energy costs and environmental
impacts become more pressing concerns, the appeal of natural ventilation has grown,
offering a sustainable alternative that not only achieves thermal comfort but also ensures
acceptable indoor environmental quality (Hughes et al., 2012).

The windcatcher is a traditional architectural element originating from the Middle
East, designed to facilitate natural ventilation in environments where conventional
vertical windows are ineffective (Figure 1) (Boloorchi and Eghtesadi, 2014). Structurally,
a windcatcher is a tall, capped tower that rises above its surroundings, featuring
one or more open tops oriented toward the prevailing wind direction. It includes
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an air well that channels the captured air into the interior spaces
of a building (Fathy and Abd-Elrahman, 1985; Chohan and Awad,
2022). Windcatcher does not necessarily cool the air itself, but
rather relies on the rate of airflow to provide a cooling effect
(Fathy, 1986; Suleiman and Himmo, 2012; Varela-Boydo et al,
2021; Jomehzadeh et al., 2020). The windcatcher can operate in two
distinct modes: channelling airflow downward through direct wind
entry or guiding airflow upward using a temperature gradient. A
combined system, using either two separate devices or a single device
with both inlet and exhaust functions, can provide a comprehensive
natural air delivery and extraction solution (Saadatian et al., 2012).
Windcatchers are sometimes integrated with modern technologies
for cooling, heating, or dehumidification to overcome challenges
such as reduced efficiency on calm days and to extend their
applicability in extreme cold and hot environments (Liu et al., 2024;
Kahkzand et al., 2024; Heidari et al., 2024).

Numerous efforts have been made to enhance Windcatchers
performance and adapt them for use in contemporary architecture.
These improvements focus on refining the windcatcher components
themselves and integrating additional elements to either increase
airflow volume and speed or cool the incoming fresh air. For
example, the incorporation of “wing walls” has been suggested
to guide airflow into the windcatcher inlet opening (Nejat et al.,
2016a). The Anti-Short-Circuiting Device (ASCD) proposed to
address the air short-circuiting issue that arises in windcatchers
with both inlet and exhaust openings (Nejat et al.,, 2016b). The
addition of louvers has also been shown to increase airflow rate
(Liu et al., 2011; Hughes and Ghani, 2010). Some windcatchers
incorporate dampers and egg crate grilles to facilitate the movement
of large volumes of air (Elmualim, 2006). Various cooling techniques
have been developed to enhance the performance of windcatchers.
These include designs with wetted curtains hung within the air
shaft or wetted evaporative cooling pads mounted at the entrance
(Bahadori et al., 2008). Additionally, methods like shower towers

10.3389/fbuil.2025.1534284

(El-Shorbagy, 2011), moistened pad (Soltani et al., 2018) and helical
coil heat transfer device (Pelletier and Calautit, 2022) have been
implemented to enhance cooling performance in hot climates.
Conversely, in cold climates, heating techniques like heat pipes
have been employed (Calautit et al., 2016). Other studies have
focused on optimizing windcatcher component geometry, positions
or orientation (Sadeghi et al., 2017; Chand et al., 1990; Ghadiri et al.,
2013; Dehghani-sanij et al., 2015; Attia, 2009).

One notable development in this field is the production of
the commercial windcatcher systems. These systems are compact,
lightweight, and have lower elevation above roofs. They typically
consist of four (or circular) external louver banks designed to catch
the breeze from any direction. Fresh air is drawn in from the
windward side and directed into the building, while stale air is
extracted from the leeward side (Liu et al., 2024; Khan et al., 2008;
Monodraught Ltd, 2017; Calautit et al., 2014).

Despite the enduring appeal of windcatchers in contemporary
architecture, purely traditional solutions are often difficult to
implement and may not be well-received by modern architects
(Attia and De Herde, 2009). Emerging commercial trends in
windcatcher technologies reflect a blend of traditional principles
with modern advancements. The integration of windcatcher
into contemporary architecture has been limited by insufficient
knowledge, practical experience, the challenge of adapting them
to meet modern needs, and the lack of detailed market data
(Liu et al., 2024).

Although considerable research has been conducted to examine
how design parameters influence windcatcher performance,
a review of the literature reveals that certain parameters
receive more attention than others, leaving several design
aspects insufficiently addressed. This study aims to address
these gaps by exploring the current understanding of the
geometrical design of contemporary windcatchers, with three
main objectives:

FIGURE 1
Traditional windcatchers from: (A, B). Yazd, Iran, and (C). Cairo, Egypt.
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I. To assist architects and building designers in effectively
incorporating windcatchers into their designs by utilizing the
available data.

II. To develop a detailed research roadmap that identifies
and prioritizes key windcatcher components requiring in-
depth investigation. This focused research will pave the way
for the future creation of a comprehensive design guide,
optimizing windcatcher geometry for enhanced performance
and efliciency.

III. To standardize design parameters for each component,

ensuring consistency during investigations.

This study excludes aspects already covered in previous reviews
on windcatcher research, such as cooling and heating techniques,
integration with other passive or mechanical ventilation systems,
and the impact of the surrounding natural or urban context
(Hughes et al., 2012; Jomehzadeh et al., 2020; Liu et al., 2024). The
influence of windcatcher geometry, which is the focus of the current
study, has been partially addressed in reviews by Hughes et al.
(2012), Jomehzadeh et al. (2020), and briefly mentioned in Sangdeh
and Nasrollahi (2022). However, this review stands out as more
comprehensive than the most recent review on geometrical aspects
published in 2020. It is more focused, explores new dimensions, and
presents a detailed roadmap highlighting under-researched areas
and suggests standard design parameters for each component.

2 Methods

This review undertook a comprehensive literature search on
the geometrical design of windcatchers. The literature search was
conducted using the scientific databases ScienceDirect, Scopus,
and Web of Science without restrictions on publication date. The
following selection criteria ensured the relevance and quality of the
reviewed articles:

Articles selected were published in English.

Articles selected included peer-reviewed journal articles, review

papers, and conference proceedings to ensure scientific rigor.

o Each article had to contain one or more of the key terms
‘windcatcher(s)”, “Wind catcher(s)” , “Wind-catcher(s)”, or
“Wind tower” within the title, abstract, or keywords, as these
terms are commonly used to describe the intended passive
natural ventilation system.

o Only articles available online were included to enable full-

text analysis.

The initial search yielded 913 articles, filtered through a three-
phase process to ensure topical relevance and quality:

« Phase 1: Topical Relevance-Unrelated articles were excluded.
For example, papers focused on “wind turbine towers”
frequently appeared due to the common use of the term “Wind
tower” in other research areas. This phase narrowed the pool to
489 articles.

o Phase 2: Duplicate Removal-Articles indexed in multiple
databases were identified and duplicates removed, reducing the
total to 228 unique papers.
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« Phase 3: Content Analysis—The remaining articles underwent
an in-depth content analysis. Abstracts, study parameters, and
conclusions were examined to identify studies with a specific
focus on the geometrical aspects of windcatcher design. This
phase resulted in a short list of 56 high-relevance articles.

The final selection of articles underwent a structured two-
step analysis to systematically categorize and evaluate windcatcher
components:

« Component Identification and Categorization-All windcatcher
components referenced in the selected articles were extracted
and classified.

Research Status Evaluation-Each component, whether primary
or supplementary, was assessed to determine the extent
of existing research. Components were classified into three
categories based on their research status: (a) Well-studied
components with established design guidelines readily available
for practitioners, (b) Partially studied components where some
research exists but further investigation/validation is needed
to fully support design decisions, and (c) lacking sufficient
research components representing significant knowledge gaps,
highlighting areas where additional research is crucial to
advance understanding and innovation in windcatcher design.
This categorization aimed to provide a roadmap for future
research and to assist practitioners in identifying validated
design parameters.

3 Results

Windcatcher components, as derived from the literature, are
categorized into two groups. Primary components are those essential
to the fundamental geometry and structure of any windcatcher
forming. Supplementary components are optional features that can
be incorporated to improve windcatcher performance (Figure 2).
The features and design parameters of each component are
addressed in the following sections.

3.1 Windcatcher primary components

3.1.1 Inlet openings

The performance of windcatchers is significantly influenced
by the number and configuration of the inlet openings, which
are typically designed based on the local climate. One-sided
windcatcher features a single, large opening that faces the
predominant wind direction. Traditionally, it requires an additional
opening(s) (room outlet window) on the opposite side to let the
air to exhaust out of the building (Jomehzadeh et al., 2020; Attia
and De Herde, 2009). Two-sided windcatcher incorporates two
openings on opposite sides of the windcatcher, allowing fresh
air to enter through one side, while the other acts as a chimney
and suck indoor air (Sangdeh and Nasrollahi, 2022). Four-sided
windcatcher features openings on all four sides, capturing wind
from any direction.

A multi-directional dual-channel rotary scoop windcatcher was
proposed for use in contemporary windcatcher to ensure that the
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FIGURE 2
Windcatcher primary and supplementary components.

windcatcher opening is consistently facing the airflow directions
(Lietal., 2024; Li et al., 2023a). To optimize the capture of fresh air
from all directions, some contemporary windcatchers also proposed
the incorporation of flap-fin louvers to allow wind to flow only one
way into the windcatcher’s supply channel (Li et al., 2023b).

The one-sided windcatcher is ideal for regions with consistent,
predictable wind patterns, as the entire cross-sectional area
functions as an inlet for airflow. Meanwhile, in two- or multi-sided
windcatchers, only half or less of the cross-section delivers air to
indoor space (Sangdeh and Nasrollahi, 2022). Two-sided designs
enhance cross-ventilation, particularly in areas with fluctuating
wind directions. Four-sided windcatchers offer maximum flexibility
and consistent performance across varied conditions, though
they are more costly and complex to construct. Therefore, the
choice of windcatcher design should account for local climate,
prevailing wind patterns, and the specific ventilation needs of
the building.

The inlet opening design parameters include also its size and
shape. The area of the inlet opening is typically equivalent to
the cross-sectional area of the shaft, which is around 3% of the
floor area of the ventilated space (Attia and De Herde, 2009).
However, in traditional windcatchers found in Sanliurfa, Turkey,
the inlet size is narrower than the shaft cross-section (Bekleyen and
Melikoglu, 2021).

For two-sided windcatchers, the impacts of different inlet
shapes—square, rectangular, and circular (of the same area)—on

Frontiers in Built Environment

ventilation performance have been studied. It was found that the
geometry of the inlet significantly affects airflow patterns, rates,
and velocity. Moreover, increasing the length-to-width ratio of
rectangular openings improves the ventilation flow rate (Niktash
and Huynh, 2014).

3.1.2 Shaft cross-section

It is well established that increasing the cross-sectional area
of a windcatcher shaft leads to greater airflow, as larger openings
allow more air to pass through (Sangdeh and Nasrollahi, 2022).
Consequently, the design parameters of the shaft’s cross-section have
garnered significant attention in research.

In a study of various four-sided windcatcher configurations
in Yazd, Iran, it was observed that reducing the shaft width from
2.5 m to 2 m, creating a more longitudinal shape, increased airflow
velocity by up to 34%. Further reducing the width from 2 m to 1.5 m
resulted in up to 50% increase in velocity. However, the smaller width
(1.5 m) directed airflow at high velocities towards the lower areas of
the room, leading to uneven temperatures and causing discomfort
(Hosseini et al., 2016). Based on literature survey, Benkari et al.
concluded that the best ratio of the windcatcher length and width
to that of the room it serves, is approximately 1:4 (Benkari et al.,
2017). Though, further investigation is required to validate
this finding.

Regular polygons are the most common shapes for traditional
windcatcher cross-sections. While the rectangular form is
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most prevalent, other shapes such as circular, hexagonal, and
octagonal are also used Jomehzadeh et al. (2020). A comparison
between square, hexagonal, and circular six-sided windcatchers
revealed that, on average, the hexagonal cross-section delivered
19% more airflow than the square design under various wind
speeds and angles (Farouk, 2020). However, at a 0° wind
angle, the square windcatcher proved more effective (Sangdeh
and Nasrollahi, 2022). When evaluating the performance of
four-sided windcatchers with rectangular and circular cross-
sections under different wind directions, the square cross-
section consistently performed better (Elmualim and Awbi, 2002;
Maneshi et al, 2012). Similarly, contemporary windcatchers
using different cross-sections demonstrated that circular designs
produced the lowest air change rates and indoor air velocities
(Farouk, 2020).

A longitudinal windcatcher, featuring a rectangular cross-
section with elongated inlet and outlet openings, was developed
for ventilating a building basement. This design resulted in
evenly distributed indoor air movement at the occupant level,
demonstrating the advantages of a longitudinal configuration
(Satwiko and Tuhari, 2017). The impact of shaft cross-section
area and geometry on a wind exchanger, which can function
as a windcatcher, has been experimentally evaluated. The study
showed that a larger cross-section generally improves performance,
and a rectangular cross-section outperformed a square one,
especially when the longer axis was aligned perpendicular to the
wind flow (Cruz-Salas et al., 2018).

Balabel et al. proposed a one-sided windcatcher with a partial-
cylinder shaft and a partial circular cross-section ranging from
60° to 90°. Their findings indicated that this design produced
a higher pressure coeflicient compared to traditional rectangular
windcatchers (Balabel et al., 2021).

3.1.3 Shaft longitudinal section

The key design parameters of the windcatcher shafts
longitudinal section include its height and shape. Traditional
windcatcher shafts are typically one-story, sometimes two-
story structures, with multi-story designs being rare (Sangdeh
and Nasrollahi, 2022; Shayegani et al., 2024). Recent research
recommends limiting the height of windcatchers to no more than
three stories (Mohamed and El-Amin, 2022), aligning with findings
by Hosseini et al., which showed that increasing the windcatcher
height from 8 m to 10 m reduced airflow circulation in the served
spaces (Hosseini et al., 2016). Sensitivity analyses have further
confirmed that increasing shaft height results in a decrease in mass
flow rate (Sheikhshahrokhdehkordi et al., 2020), a conclusion also
supported by the work of Ghadiri et al. (2014).

The longitudinal section of most windcatcher shafts is typically
straight. However, an investigation into the influence of shaft
shape on airflow speed found that a curved shaft shape delivers
superior performance in terms of airflow velocity (Alwetaishi and
Gadi, 2021).

3.1.4 Shaft outlet opening

The shaft outlet opening can be vertical, such as a window
located on the shared side wall between the room and the shaft,
or horizontal, positioned on the ceiling of the room. The size and
shape of windcatcher shaft outlet openings are not often addressed
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in the literature, likely because they are typically rectangular, with an
area equal to the shaft’s cross-section. However, a novel design of a
one-sided windcatcher with a shaft cross-section of 100 cm x 100 cm
proposed a rectangular outlet opening measuring 100 cm x 62.5 cm.
The reduced height was achieved by inclining the bottom surface
of the shaft, resulting in more uniform airflow (Foroozesh et al.,
2022). While these further
validation.

promising, findings require

The geometry of the outlet opening in two-sided windcatchers
also impacts ventilation performance. Research shows that the shape
of the outlet significantly influences airflow patterns, rate, and
velocity, with a clear relationship between the length-to-width ratio
of rectangular outlets and the quality of ventilation (Niktash and
Huynh, 2014).

Regarding the outlet location, in a one-sided windcatcher,

transforming the outlet opening from a side window
to a ceiling opening reduces the mean velocity and
airflow rate while increasing the mean age of air

(Heidari and Eskandari, 2022).

3.1.5 Shaft top surface

Traditionally, the top surface of windcatcher shafts is inclined
at angles ranging from 30° to 45°, although some designs feature a
flat, horizontal surface (Nessim et al., 2023). More recently, curved
top surfaces—designed as quarter-circles with radius equal to the
shaft width—have been explored (Sheikhshahrokhdehkordi et al.,
2020). At a 0° wind angle, windcatchers with a curved top surface
demonstrated a 10% and 4.5% increase in efficiency compared
to flat and inclined tops, respectively. However, the inclined top
design proved less sensitive to changes in wind angles relative to the
opening (Dehghan et al.,, 2013). Further comparisons between flat
and curved top surfaces revealed that the curved design produced
a higher mass flow rate by smoothing airflow into the duct,
thereby reducing energy loss (Sheikhshahrokhdehkordi et al., 2020),
which agree with the findings obtained by Esfeh et al. (2012).
Additionally, Benkari etal. noted that curved-top windcatchers
provided more uniform airflow distribution compared to those
with inclined tops (Benkari et al., 2017). Investigation of one-
sided windcatchers with varying top surface tilt angles indicated
that a 30° tilt angle yielded slight performance improvement
(Alsailani et al., 2021).

3.1.6 Shaft bottom surface

The shape of the windcatcher shaft’s bottom surface is rarely
discussed in the literature and is typically a flat, horizontal
plane. However, a novel design of a one-sided windcatcher
incorporated an inclined bottom surface, which was found to
result in more uniform airflow distribution throughout the space
(Foroozesh et al., 2022). Similarly, the bottom surface of a two-
sided windcatcher has been chamfered at different angles. It was
found that an angle of 55° increased air exchange effectiveness
by about 14% (Carreto-Hernandez et al, 2022). Additionally,
experiments with a curved bottom surface demonstrated an increase
in the speed of the inflow stream. However, this design also
caused the airflow to be directed towards the lower levels of the
room, creating large rotating flows in the upper areas, which
may lead to uneven air distribution and potential discomfort
(Hosseini et al., 2016).
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TABLE 1 Geometrical design parameters recommendations.

Design parameter

Windcatcher projection

Recommendations

0 m (Directly above roof) - 6 m

10.3389/fbuil.2025.1534284

REMEILS

Higher projection is often necessary to avoid wind
obstructions and to capture high-altitude wind

One-sided For regions with consistent wind direction
Number
Four-sided For regions with various wind direction
Size Similar to the shaft cross-section
Inlet opening
Shape Rectangular No recommendations regarding width to height ratio
Extension Recommended Up to the depth of the shaft
Incorporated fins Recommended No recommendations regarding their configuration
Cross-section shape Rectangular No recommendations regarding width to height ratio

Cross-section size

The bigger the more the amount of airflow

No recommendations regarding its size to room size ratio

Shaft

Internal partition Recommended No recommendations regarding their size, height or
configuration
Integrated nozzle Recommended No recommendations regarding their configuration
Size No recommendations
Shaft outlet
Shape No recommendations
Top surface shape Curved No recommendations regarding its radius
Bottom surface shape Curved No recommendations regarding its radius
Size Equal to, or smaller than the inlet size This reccommendation requires validation
Room Outlet window
Location Mid of the leeward wall

3.2 Windcatcher supplementary
components

3.2.1 Windcatcher projection

The optimal projection height of a windcatcher above a building’s
roof depends on various factors, including the climate, surrounding
structures, windcatcher type, and cross-section design (Sangdeh and
Nasrollahi, 2022). The ideal height typically ranges between 6 and
9 m. For instance, in the climates of Amman (Jordan) and Erbil (Iraq),
a tower height of 9 m has been found to provide the best airflow
performance (Badran, 2003; Ismail and Miran, 2019). Meanwhile, in
Yazd (Iran), the traditional windcatchers perform optimally at a height
of 6 m (Ghadiri et al., 2011). A 6 m height is often preferred for both
economic and aesthetic reasons (Ismail and Miran, 2019).

Traditional Egyptian windcatchers (Malqaf) usually do not
extend above the roofline. These structures, with their single-story
height and only the opening visible from above, are designed
to capture lower-altitude winds, which are more favourable in
the region. Additionally, the narrow spacing between the blades
in the windcatcher helps to block undesirable dusty desert
winds from entering the building. The windcatcher’s roof is
typically sloped between 30° and 45°, aligning with prevailing

Frontiers in Built Environment

winds that blow consistently from one direction (Boloorchi and
Eghtesadi, 2014; Attia and De Herde, 2009).

In areas where surrounding buildings are lower than the
windcatcher, ventilation rates can be enhanced. However, taller
adjacent buildings can cause two-sided windcatchers to function like
chimneys, drawing indoor air outside (Afshin et al., 2014).

3.2.2 Inlet opening extension

Inlet extensions, or walls, can be employed to guide airflow
towards the windcatcher’s inlet opening and separate high-pressure
zones from low-pressure areas above the structure. The upper, lower,
or side surfaces of the inlet opening can be extended in various ways,
with different configurations yielding varied results. In two-sided
windcatcher configurations, most inlet extension designs have been
shown to enhance air induction into the building (Varela-Boydo
and Moya, 2020). The impact of straight inlet extension length has
been analysed by examining various ratios of the extension length to
the shaft depth in one-sided windcatchers. Significant performance
improvements were observed up to a ratio of 0.5, with only a modest
1.8% increase in airflow when the ratio was extended from 0.5 to 1.
Further increases in the extension ratio could lead to a reduction in
airflow rate (Alsailani et al., 2021).
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TABLE 2 (Continued) Primary components and their design parameters coverage in scientific research.
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Three inlet extension configurations—straight, divergent, and
bulging convergent—were tested using a two-sided windcatcher.
The results indicated that the divergent inlet design performed
best, capturing 2.55% more airflow than the straight inlet and
4.70% more than the bulging convergent inlet at high wind speeds
(6 m/s). At lower wind speeds (1 m/s), the performance difference
was smaller, with only a 1.4% increase in airflow compared to the
straight inlet (Abdo et al., 2020).

The performance of circular nozzle-shaped extensions with
varying radii in one-sided windcatchers has been tested. Results
indicate that the incorporation of this feature cannot effectively lead
to a higher airflow rate (Alsailani et al., 2021).

Wing walls, incorporated into the inlet opening design, have
been studied for their performance under low wind conditions.
Experiments with varying side wing wall angles (ranging from 5° to
70°) on two-sided windcatchers indicate that the optimal angle for
enhancing inflow lies between 15° and 30° (Nejat et al., 2016a). In
addition to the two side wings, incorporating an upper extension
of varying lengths has been shown to enhance the performance
of windcatchers, though longer extensions result in only slight
improvements in ventilation rates (Nejat et al., 2021). Additional
study has explored the effect of upper extension angles (ranging from
0°to 90°) on ventilation performance of two-sided windcatcher, with
a 30° angle emerging as optimal (Nejat et al., 2024).

3.2.3 Inlet opening fins

Efforts have been made to integrate fins or louvers into the
inlet opening to improve windcatcher performance. The use of
finned, curved inlet openings has been shown to significantly
enhance the induced air mass flow rate. These fins act as flow
straighteners, making the airflow more uniform and reducing radial
velocities (Sheikhshahrokhdehkordi et al., 2020).

An evaluation of the performance of a four-sided windcatcher
with varying numbers of louvers and louver lengths has been
conducted. The findings indicate that the windcatcher achieves
optimal performance when the projection length of the louvers
equals the gap between two adjacent louvers. Increasing the number
of louvers enhances performance up to a certain point; however,
a short-circuiting effect occurs when the number of louver layers
exceeds six (Liu et al., 2011).

The incorporation of curved guide vanes, with varying numbers
and radii, at the bend of the inlet opening in a one-sided windcatcher
has been tested. The results show that introducing these guide
vanes significantly affects the airflow characteristics. The vanes
smoothen the flow through the inlet bend, resulting in improved
flow uniformity at the windcatcher outlet, thereby enhancing
overall performance. Increasing both the number and radius of
the vanes enhanced the airflow rate, with improvements of up to
29% observed (Alsailani et al., 2021).

3.2.4 Shaft partitions

Dividing the cross-section of the windcatcher shaft into smaller
partitions can influence airflow velocity and turbulence (Sangdeh
and Nasrollahi, 2022). A study analysing different internal partition
arrangements in traditional four-sided Iranian windcatchers found
that redesigning the partitions and increasing their number
enhanced both room air velocity and airflow uniformity inside
the building (Hosseinnia et al., 2013).
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3.2.5 Shaft nozzle

Integrating a nozzle within the windcatcher shaft has been
explored as a means to improve performance. Research on
various two-sided windcatcher configurations revealed that
the most effective design for maximizing mass flow rate
and increasing air velocity at the nozzle throat featured a
curved shape with finned inlet openings, the longest divider
reaching the top of the nozzle, and a convergent-divergent
nozzle type (Sheikhshahrokhdehkordi et al., 2020).

3.2.6 Shaft outlet opening extension

In some designs, an extension connects the shaft outlet with
the serviced space (Varela-Boydo et al., 2021; Foroozesh et al,
2022). However, the impact of design parameters for this feature on
windcatcher performance has not been thoroughly investigated.

3.2.7 Room outlet window

Combining a windcatcher with a room outlet window(s) creates
cross-ventilation, which plays a crucial role in accelerating airflow
(Attia and De Herde, 2009; Wu et al., 2021; Cruz-Salas et al,,
2014). An evaluation of opposing one-sided windcatchers and
room outlet windows with varying ratios found that the highest
Air Changes per Hour (ACH) was achieved with a 0.6 ratio
between the room outlet window and the outlet window wall
(Attia and De Herde, 2009).

Evaluation of airflow and thermal comfort in a room
ventilated with a two-sided wind catcher, featuring different
room outlet window sizes and elevations, revealed that lowering
the outlet elevation increases flow rate. The study also found
that a 30% area-to-wall ratio between the outlet size and
the room’s leeward wall provides optimal ventilation and
thermal comfort (Goudarzi et al., 2021).

Further analysis of different room outlet window sizes and types
on cross-ventilation performance showed that placing the outlet
window very close to the windcatcher does not increase airflow.
However, enlarging the room outlet window while keeping the inlet
opening area constant results in a continuous increase in induced
airflow into the building. When using a window in combination
with a one-sided windcatcher, increasing the window area beyond
an outlet-to-inlet ratio of 1.0 provides no additional airflow benefit.
The highest airflow rate occurs when the window is centred on the
leeward fagade (Montazeri and Montazeri, 2018).

To maintain consistent airflow based on the Bernoulli effect, the
same volume of air that enters the space must exit. Reducing the
inlet opening area while keeping the room outlet window fully open
accelerates airflow. A parametric analysis of various windcatcher
designs, considering dimensions, proportions, and opening ratios,
found that increasing the outlet window area to 200% relative
to the inlet opening enhances airflow and promotes temperature
reduction (Mohamed and El-Amin, 2022). Similarly, Tantasavasdi
et al. concluded that an inlet-to-outlet opening ratio of 1:2 provides
best indoor air velocity (Tantasavasdi et al., 2024).

4 Discussion

The data collected on both the primary and supplementary
components of windcatchers provides essential insights that
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align with the study’s three main objectives: assisting architects
in effectively incorporating windcatchers into building designs,
guiding researchers in identifying critical design parameters
that require further investigation, and establishing standardized
parameters for design and research consistency. The following three
sections address each of these objectives separately.

4.1 Incorporating windcatchers into
building design

Many components of windcatchers have been thoroughly
investigated. However, critical data gaps remain, which are essential
for architects to effectively integrate windcatchers into building
designs. While inherited knowledge and extensive research have
provided valuable insights and recommendations for various design
parameters, many of these are specific to particular climatic
conditions and urban contexts. This study aims to gather, categorize,
and present the available data to serve as a foundation for
incorporating windcatchers during the early stages of building
design. Since CFD simulation tools are not commonly mastered by
architects, this study provides practical guidance for early design
considerations. This section outlines key values, recommendations,
and considerations for each component. Table I summarizes the
recommended geometrical design parameters. However, these
recommendations are not always consistent, likely due to variations
in the architectural aspects of the case studies, the climatic and
urban context, and the different computational parameters and
settings used in the studies (Alsailani et al., 2021). Therefore,
these recommendations should be applied cautiously, serving as
general design guidelines rather than definitive solutions, as they
are influenced by varying architectural, climatic, and computational
factors. This study acknowledges its limitations and emphasizes the
need for context-specific adaptation, further research to address data
gaps, validation of existing findings, resolution of conflicting results,
and refinement of practical applications for more robust integration
of windcatchers in building design.

The literature suggests a projection height of 6-9m for
optimizing airflow, typically based on local climatic conditions
and the surrounding urban context. However, traditional Egyptian
windcatchers (Malqaf), are positioned directly above the roof
without any projection, designed to capture lower-altitude winds.
This underscores the importance of considering local environmental
factors before determining the optimal projection height, as
strategies effective in one region may not be suitable in another.

Regarding the inlet openings, selecting the number and
configuration of inlet openings is one of the most critical aspects for
architects when designing windcatchers. The design must account
for local climate conditions and prevailing wind patterns. The one-
sided windcatchers are well-suited for regions with consistent wind
direction, while four-sided designs offer greater flexibility in areas
with fluctuating or variable wind patterns. The inlet size is typically
equivalent to the size of the shaft cross-section. Inlet extensions can be
incorporated to guide airflow into the windcatcher more effectively,
with 15°-30° angles proving particularly beneficial. Additionally,
the integration of fins at the inlet opening generally enhances
the air mass flow rate. Divergent inlet extension further optimize
performance, especially at higher wind speeds.
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For the shaft cross-section in general, the regular polygonal
outperform circular ones, with rectangular cross-sections showing
superior performance over square designs. In particular, hexagonal
cross-sections have shown, on average, a 19% improvement in
performance compared to square configurations. Regarding air
distribution, longitudinal rectangular cross-sections have been
proven to distribute air more evenly. While increasing the cross-
sectional area of a windcatcher shaft enhances airflow, no definitive
guidelines can be recommended for the optimal cross-sectional
area relative to the room size it serves. It is generally accepted that
dividing the windcatcher shaft’s cross-section into smaller sections
improves airflow distribution. Moreover, integrating curved nozzles
within the shaft can further enhance air velocity and mass flow
rates. The height of the windcatcher is crucial, with most research
recommending a height of no more than three stories for optimal
performance. Taller windcatchers have been shown to reduce airflow
efficiency. Curved shaft longitudinal shape may enhance airflow
velocity, providing another design strategy to boost performance.

For top and bottom surfaces of the shaft, it is evident that the
design of both them significantly impacts windcatcher performance.
An inclined top surface, angled between 30° and 45°, has been
shown to increase windcatcher efficiency. Further improvements can
be achieved with curved tops, which enhance airflow smoothness
and overall efficiency. While a curved bottom surface can boost
inflow speed, it may lead to uneven air distribution, requiring careful
consideration in the design process.

Cross-ventilation is significantly improved when one-sided
windcatchers are paired with room outlet windows. The area of the
outlet window can be equivalent to the area of the windcatcher’s
inlet opening, ensuring balanced airflow and maximizing ventilation
efficiency. Relative to the leeward wall, the outlet window area can
be approximately 30% for optimal performance.

4.2 Roadmap for further research

The previous section discussed the available data to support
architects in the early stages of windcatcher design. In this section,
the focus will shift to the missing data and areas requiring
further investigation. This serves as a roadmap for researchers,
highlighting the existing gaps that need to be addressed to
develop a comprehensive design guide for windcatchers. Tables 2,
3 summarize the studies related to the design parameters of the
primary and supplementary components, respectively. They also
highlight the design parameters that have not been covered by
existing research for each type of windcatcher. This section details
these areas of uncertainty, providing clear direction for future
research efforts. Figures 3-5 show the status of design parameters
for each component in one-, two-, and four-sided windcatchers.
They indicate whether the investigation priority for these parameters
is low or high, or if further verification is needed to confirm
existing findings.

Table 4 provides a summary of the experimental methods
and climatic conditions employed in the reviewed studies. This
information is crucial for understanding the variations observed
in the design parameters of certain windcatcher components, as
differences in testing conditions and methodologies can significantly
influence the outcomes and performance metrics. By analyzing these
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factors, researchers can better interpret discrepancies and refine
future investigations to ensure more consistent and reliable results.
Regarding the projection height, while most recent studies
recommend a projection height of 6-9 m, traditional Egyptian
windcatchers typically have no projection above the roofline.
This highlights the need for further research into the relationship
between windcatcher projection height and different climatic
conditions, as the optimal height may vary depending on
environmental factors and regional airflow patterns.
the the
size—approximately 3% of the floor area of the ventilated space—is

Regarding inlet  openings, recommended
a crucial piece of information from an architectural design
perspective. Given its significance as a key design parameter, it
warrants high-priority further investigation to validate and ensure
its accuracy across a wide range of conditions. The 3% value was
derived from a wind tunnel experiment conducted at a wind
speed of 2 m/s for a one-sided windcatcher (Attia and De Herde,
2009), which restricts its applicability. To establish reliability
and adaptability for broader architectural applications, additional
research is essential. This research should explore the performance
of this guideline for different windcatcher types, under varying
wind speeds, diverse climatic contexts, and different building
configurations. Additionally, research showing that increasing the
width-to-length ratio of rectangular openings enhances airflow also
needs verification to ensure its practical applicability in various
contexts. This finding was derived from a study focused on a two-
sided windcatcher using CFD simulations under a limited range
of climatic conditions (Niktash and Huynh, 2014). To ensure the
generalizability of this recommendation, additional investigations
cover a wider variety of windcatcher types, climatic conditions, and
building environments are necessary.

The positive impact of upper extension of the inlet opening
and wing walls on airflow efficiency has been established for two-
and four-sided windcatchers, but their effectiveness in one-sided
windcatchers needs further exploration. Researchers should focus
on how variations in extension length and angle can be optimized
for low- and high-wind scenarios. Moreover, the configurations of
integrated fins within the inlet openings—such as blade size, spacing,
number, direction, shape, and location—warrant additional study,
particularly in one-sided windcatchers. Lastly, while the divergent
extension configuration has demonstrated superior performance
in two-sided windcatchers, its impact on other windcatcher types
remains an open area for further research.

For the shaft cross-section, the length-to-width ratio of
rectangular shafts has shown promising results; however, further
research is necessary to determine the precise or optimal range
for this ratio. More importantly, from an architectural design
perspective, it is essential to identify the effective cross-sectional area
relative to the size of the ventilated room.

While shaft partitions and nozzles have improved performance
in traditional windcatcher designs, additional research is required
to explore how these elements can be effectively incorporated
into contemporary designs. This could involve testing various
partition configurations, such as their layout, spacing, and height
in relation to the shaft height. Similarly, further investigation is
needed to optimize the design and placement of nozzles within
the shaft, as well as to assess whether nozzles and partitions can
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Primary components:

P1 Inlet opening

P2  Shaft cross-section

P3  Shaft longitudinal section
P4  Shaft outlet opening

P5 Shaft top surface

P6  Shaftbottom surface

Supplementary components:
S1  Windcatcher projection

S2  Inlet opening extension

S3  Inlet openingfins

S4  Shaft partitions

S5 Shaftnozzle

S6  Shaft outlet opening extension

S7  Room outlet window

FIGURE 3
One-sided windcatcher design parameters status.
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FIGURE 4

Two-sided windcatcher design parameters status.
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FIGURE 5
Four-sided windcatcher design parameters status.

be used simultaneously to enhance airflow, or if any conflicting
effects may arise.

For the shaft height, no studies have recommended windcatcher
heights exceeding three stories. Given the height of contemporary
architectural designs, additional solutions need to be explored
to extend the effective height of windcatchers and expand their
applicability. Potential approaches include the use of curved or
tapered shafts, which may enhance performance at greater heights
and enable windcatcher systems to be integrated into taller
buildings.

The geometry of the shafts top and bottom has been proven
to enhance the performance of one- and two-sided windcatchers.
However, further research is needed to assess how these geometric
modifications affect the performance of four-sided windcatchers, as
their airflow dynamics may differ significantly.

Regarding the room outlet windows, current research shows
that the ratio of the room outlet window to the inlet opening
remains insufficiently addressed aspect. While some studies suggest
that having an outlet window with an area approximately equal
to the inlet opening leads to optimal airflow and efficient cross-
ventilation, others indicate that increasing the size of the outlet
window to 1.5 or even 2 times the size of the inlet can
improve ventilation rates significantly. Furthermore, some research
suggests that increasing the outlet-to-inlet ratio beyond 1:1 yields
diminishing returns in airflow, while other studies claim that
larger ratios continue to enhance performance. These findings
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are primarily based on CFD simulations conducted under wind
speeds ranging between 2 m/s and 13 m/s (Mohamed and El-Amin,
2022; Montazeri and Montazeri, 2018; Tantasavasdi et al., 2024),
as presented in Table 4. More comprehensive research is needed to
resolve these disagreements and provide clearer guidance.

4.3 Windcatcher components design
parameters

The review revealed that design parameter recommendations for
windcatcher components can be classified into five categories:

A. Specific shape or location: This category refers to the identified
shape or location of specific components. Research findings
in this category are the most consistent. As shown in Table 5,
the rectangular cross-section and the curved top surface of the
shaft are the most recommended shapes in the literature, which
simplifies and standardizes windcatcher design.

. Absolute value: This refers to fixed dimensions determined
through research or practice. For instance, it is recommended
that the optimal projection height be approximately 6 m above
the building roof. This approach provides generalizable values
that can be widely applied or offers a range of values adaptable
to various ventilated space parameters, surrounding contexts,
and climatic conditions.
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TABLE 4 Experimental methodologies and climatic conditions of windcatcher studies.

References

Niktash and Huynh (2014), Heidari and Eskandari (2022),
Hosseinnia et al. (2013), Montazeri and Montazeri (2018),
Abdo et al. (2019), Nejat et al. (2018)

CFD Simulations

Experimental methodology

10.3389/fbuil.2025.1534284

Climatic conditions

Controlled conditions with no specific location

Liu et al. (2011)

CFD Simulations

Controlled conditions with no specific location
Wind speed: 10 m/s.

Hughes and Ghani (2010) CFD Simulations Controlled conditions with no specific location
Wind speed: 4.5 m/s.
Farouk (2020) CFD Simulations Controlled conditions with no specific location

Wind speed: 1-6 m/s.
Wind direction: 0°-45°

Elmualim and Awbi (2002)

CFD Simulations

Controlled conditions with no specific location
Wind direction: 0°-45°

Maneshi et al. (2012)

CFD Simulations

Controlled conditions with no specific location
Wind speed: 5-20 m/s.
Wind direction: 0°-45°

Satwiko and Tuhari (2017) CFD Simulations Controlled conditions with no specific location
Wind speed: 1-5 m/s.
Alsailani et al. (2021) CFD Simulations Controlled conditions with no specific location

Wind speed: 3 m/s

Varela-Boydo and Moya (2020)

CFD Simulations

Controlled conditions with no specific location
Wind speed: 7.5-20 m/s.

Abdo et al. (2020)

CFD Simulations

Controlled conditions with no specific location
Wind speed: 1-6 m/s.

Goudarzi et al. (2021); Tantasavasdi et al. (2024)

CFD Simulations

Controlled conditions with no specific location
Wind speed: 2 m/s.

Taghipour et al. (2018)

CFD Simulations

Controlled conditions with no specific location
Wind speed: 1-14 m/s.

Hosseini et al. (2016), Ghadiri et al. (2011)

CFD Simulations

Climate conditions of Yazd, Iran (32°N, 54°E)
Wind speed consistently exceeds 4 m/s
Prevailing NW winds

Benkari et al. (2017)

CFD Simulations

Climate conditions of Muscat, Oman (23°N, 58°E)
Wind speed typically 4-6 m/s
Prevailing NW & SE winds

Balabel et al. (2021)

CFD Simulations

Climate conditions of Taif, SA (21°N, 40°E)
Wind speed: 1-5 m/s.
Static pressure 100,700 Pa

Shayegani et al. (2024)

CFD Simulations

Climate conditions of Vienna, Austria (48°N, 16°E)
Wind speed: 3-4 m/s.
Prevailing NW & W winds

Carreto-Hernandez et al. (2022)

CFD Simulations

Climate conditions of Cuernavaca, Mexico (19°N, 99°W)
Wind speed: 1.5-2 m/s.

Ismail and Miran (2019)

CFD Simulations

Climate conditions of Erbil, Iraq (36°N, 44°E)
Wind speed: 2-3 m/s.

Foroozesh et al. (2022), Niktash and Huynh (2012)

CFD Simulations

Typical hot and arid climatic condition

Frontiers in Built Environment

15

(Continued on the following page)

frontiersin.org


https://doi.org/10.3389/fbuil.2025.1534284
https://www.frontiersin.org/journals/built-environment
https://www.frontiersin.org

Mayhoub et al.

TABLE 4 (Continued) Experimental methodologies and climatic conditions of windcatcher studies.

References

Mohamed and El-Amin (2022)

Experimental methodology

CFD & Numerical Simulations

10.3389/fbuil.2025.1534284

Climatic conditions

Climate conditions of Jeddah, SA (21°N, 39°E)
Wind speed: 3-13 m/s.
Wind direction: from NW to SE

Sheikhshahrokhdehkordi et al., (2020), Ghadiri et al.
(2014)

CFD & Numerical Simulations

Climate conditions of Yazd, Iran (32°N, 54°E)
Wind speed consistently exceeds 4 m/s
Prevailing NW winds

Alwetaishi and Gadi (2021)

CFD Simulations & In-lab Experiment

Controlled conditions with no specific location

Nejat et al. (2024), Wu et al. (2021), Jafari et al. (2018)

CFD Simulations & Wind Tunnel Experiments

Controlled conditions with no specific location

Nejat et al. (2016a)

CFD Simulations & Wind Tunnel Experiments

Controlled conditions with no specific location
Wind speed: 10 m/s.

Montazeri (2011)

CFD Simulations & Wind Tunnel Experiments

Controlled conditions with no specific location

Wind speed: 19.5 m/s.
Wind direction: Vary

Attia and De Herde (2009)

Wind Tunnel Experiments

Controlled conditions with no specific location
Wind speed: 2 m/s.
Wind direction: 0°-45°

Dehghan et al. (2013)

Wind Tunnel Experiments

Typical hot and arid climatic condition

Esfeh et al. (2012)

Wind Tunnel Experiments

Climate conditions of Yazd, Iran (32°N, 54°E)

Afshin et al. (2014)

Wind Tunnel Experiments

Controlled conditions with no specific location

Cruz-Salas et al., (2018), Cruz-Salas et al. (2014)

Open Water Channel Experiments

Controlled conditions with no specific location

McCabe and Roaf (2013) Virtual Environment Software & CFD Simulations Climate conditions of Dubai, UAE (25°N, 55°E)
Wind speed: Up to 6 m/s
Badran (2003) Numerical Analysis Climate conditions of Jordan

Nessim et al. (2023), Zarandi (2009)

Traditional Case Studies Analysis

Different local climatic conditions

C. Aspect ratio: This approach determines the aspect ratio of a
specific component, such as the length-to-width ration of the
inlet or outlet openings.

D. Relative value to other component: This approach establishes
proportions based on the dimensions of related components
(e.g.,length, area, height). For instance, it is recommended that
the inlet opening size match the cross-sectional area of the
shaft. This approach is widely recognized in the literature and
assists designers in maintaining system efficiency, even when
design parameters differ.

E. Relative value to room characteristic: This approach sets values
based on the characteristics of the room being served, such as
recommending that the inlet opening area be approximately
3% of the floor area of the room. This approach, though
less commonly referenced in the literature, emphasizes the
dimensions of the ventilated space as the primary design driver,
ensuring that each space is fitted with a windcatcher tailored to
its specific characteristics.

For each approach, a distinct set of values can be established
based on local climatic conditions. Researchers are encouraged
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to adopt the approach ‘E, which focuses on producing guidelines
tailored to the characteristics of the ventilated space, unless absolute
values or relative values in relation to other components are proven
to be universally applicable.

Tables 2, 3 summarize the design parameters of the primary
and supplementary components, respectively, while Tables 5, 6
provide a detailed overview of the value and type for each design
parameter. It is worth noting that all these values are derived from
simulations or wind tunnel tests conducted on buildings with no
surrounding obstacles. The setup of wind characteristics varies
across the cases. It is evident that E-type values exhibit the most
variation, such as the outlet-to-inlet ratio. This variability highlights
the need to investigate and validate the influence of room-specific
characteristics and the complexity of tailoring windcatcher designs
to diverse spatial and environmental conditions.

5 Conclusion

Interest in windcatchers as a sustainable and energy-efficient
natural ventilation system continues to grow, particularly in
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TABLE 5 Primary components design parameters.

10.3389/fbuil.2025.1534284

# Component References Design parameters Value type
description
C D
Niktash and Huynh (2014) Square outperforms circular
Shayegani et al. (2024) Size 90 x 140 cm [ ]
P1 Inlet openin
pening Niktash and Huynh (2014) Increasing length-to-width ratio [
improves performance
Attia and De Herde (2009) Area ~3% of the floor area )
Maneshi et al. (2012) Rectangular outperforms circular
Montazeri (2011) Rectangular outperforms circular
Cruz-Salas et al. (2018) Rectangular outperforms square
P Shaft cross-section Farouk (2020) Hexagonal outperforms square and
circular
Hosseini et al. (2016) Increasing the width-to-length ratio )
improves performance
Benkari et al. (2017) Cross-section to room dimensions ratio )
is 1:4
Alwetaishi and Gadi (2021) Curved shaft outperforms straight
Sheikhshahrokhdehkordi et al., (2020), Increasing height decreases performance ®
Ghadiri et al. (2014)
P3 Shaft longitudinal section
Mohamed and El-Amin (2022) Limit to three stories ®
Hosseini et al. (2016) Height exceeding 8 m reduces [}
performance
Niktash and Huynh (2014) Square outperforms circular
Niktash and Huynh (2014) Increasing length-to-width ratio [}
P4 Shaft outlet opening improves performance
Heidari and Eskandari (2022) Side window outperforms ceiling
opening
Hosseini et al. (2016) Curved top improves performance
Benkari et al. (2017) Curved top outperforms inclined
P5 Shaft top surface Sheikhshahrokhdehkordi et al. (2020) Curved top outperforms flat
Dehghan et al. (2013) Curved top outperforms flat and inclined
Sheikhshahrokhdehkordi et al. (2020) Radius equals shaft depth [
Hosseini et al. (2016) Curved bottom outperforms flat
6 Shaft bottom surface Foroozesh et al. (2022) Inclined bottom outperforms flat
Carreto-Hernandez et al. (2022) Chamfered bottom improves
performance
Frontiers in Built Environment 17 frontiersin.org
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TABLE 6 Supplementary components design parameters.

10.3389/fbuil.2025.1534284

Component Design parameters Value type
description
Attia and De Herde (2009) The higher the better )
Shayegani et al. (2024) 2.5m [}
S1 Windcatcher projection Badran (2003) Less than 9 m )
Ismail and Miran (2019) Less than 9 m [
Ghadiri et al. (2011) 6m )
Abdo et al. (2020) Divergent extension outperforms other °
shapes
. . Alsailani et al. (2021) Extension length to shaft depth <1 [}
S2 Inlet opening extension
Nejat et al. (2016a) Side extensions optimal angles 15°-30° [
Nejat et al. (2024) Upper extension optimal angles 30° (]
Alsailani et al. (2021) Increased number improves performance [ )
Liuetal. (2011) Up to 6-level louver improve [ ]
performance
. Maneshi et al. (2012) 10-level louver performs better than °
S3 Inlet opening fins
5-level
Liu et al. (2011) Best performance when projection length [}
equals gap
Hughes and Ghani (2010) Optimum louvre angle 35° [ )
S4 Shaft partitions Hosseinnia et al. (2013) Increased number increases air velocity )
S5 Shaft nozzle Sheikhshahrokhdehkordi et al. (2020) Converging-diverging nozzle [ ]
outperforms other shapes
Mohamed and El-Amin, (2022), Outlet-to-inlet ratio = 2:1 [ ]
Tantasavasdi et al. (2024)
Montazeri and Montazeri (2018) Outlet-to-inlet ratio = 1 )
. Attia and De Herde (2009) Outlet-to-leeward wall area ratio = 0.6 [
S7 Room outlet window
Goudarzi et al. (2021) Outlet-to-leeward wall area ratio = 30% [ ]
Goudarzi et al. (2021) At low-level of leeward wall [ ]
Montazeri and Montazeri (2018) At mid-level of leeward wall [ ]

regions with hot and arid climates where cooling demands are
high. However, incorporating windcatchers into contemporary
architecture presents several challenges. A key difficulty lies in
adapting traditional designs to meet modern architectural and
environmental standards while maintaining performance. This
highlights the urgent need for both a comprehensive design guide
tailored to architects, a well-structured research roadmap to address
existing knowledge gaps and inconsistencies, and standardized
design parameters to establish a consistent body of knowledge.

Frontiers in Built Environment

The findings indicate that certain design parameters of
windcatchers have been extensively studied, yielding consistent
findings. For example, research on the shape of the windcatcher
shaft’s cross-section and the top surface geometry has been
thorough. Studies consistently show that rectangular cross-sections
and curved shape of the shaft’s top surface outperform other
shapes. These consistent findings provide architects with clear
recommendations that can be confidently applied in most design
scenarios, ensuring reliable windcatcher performance.
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However, other aspects of windcatcher design remain
insufficiently addressed, and inconsistent findings continue to pose
challenges for architects and researchers alike. Addressing these
issues should be a high priority for scholars in the field to resolve the
existing ambiguities and advance understanding. A notable example
is the ratio of the room outlet window to the inlet opening. While
some studies suggest that the outlet window should be larger than
the inlet to enhance airflow, others recommend a smaller outlet
window for optimal cross-ventilation. This inconsistency makes it
difficult to provide definitive design guidelines and highlights the
need for further investigation.

Moreover, certain recommendations in the literature, though
promising, still require further validation before they can be widely
adopted. For instance, the suggestion that the area of the inlet
opening should be approximately 3% of the floor area of the
ventilated space is a crucial guideline from a design perspective.
However, despite its importance, this recommendation has not
yet been conclusively confirmed. Until such recommendation is
rigorously tested and verified, architects must apply it with caution,
recognizing that its effectiveness may vary depending on specific
project conditions.

In addition to areas of inconsistency and unvalidated
recommendations, certain crucial aspects of windcatcher design
have been largely overlooked by researchers. One such area is
the geometry of the shaft’s bottom surface. This lack of interest
represents a significant gap in our understanding of windcatcher
performance.

The application challenges and knowledge gaps highlighted
above point to the urgent need for a detailed design guide
specifically tailored for architects. Currently, architects face difficulty
in making informed design decisions due to the fragmented nature
of available data. A validated design guide would streamline this
process, enabling the effective integration of windcatchers into
building projects from the outset. Simultaneously, there is a pressing
need for a research roadmap that directs future investigations
toward underexplored aspects of windcatcher design. Research
efforts to date have tended to focus disproportionately on certain
design elements, while inconsistencies, uncertainty, and gaps in
understanding remain in other areas.

The findings of this study indirectly influence contemporary
architectural practices by exposing knowledge gaps in windcatcher
design and identifying both well-researched and underexplored
parameters. By highlighting these gaps, the study paves the way
for future research and development, offering a roadmap to
guide researchers in addressing these areas. This effort ultimately
contributes to the creation of a comprehensive and reliable design
guide that will enable architects to integrate windcatchers more
effectively and widely into contemporary architecture, benefiting the
broader architectural community.
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