o

Hn
T

-
AR

g !

SOLUTIONS FOR ENHANCING NATURAL
VENTILATION IN ARCHITECTURAL BUILDINGS
AND THEIR PRACTICAL PERFORMANCE

MOT SO GIAI PHAP TANG CUONG THONG GIO TU NHIEN TRONG
CONG TRINH KIEN TRUC VA HIEU QUA THUC TE CUA CHUNG

Abstract: Recent studies have increasingly highlighted the
significant role of natural ventilation in improving indoor air quality,
thermal comfort, and reducing building energy consumption. This
paper provides a systematic review of strategies for enhancing natural
ventilation in architectural buildings, providing a foundation for
designers to apply in future practice.

Keywords: Cross ventilation, Double skin facade, Natural ventilation,
Solar chimney

Tém tat: Nhiing nghién ctu gan day da chi ra vai trd quan trong
clia théng gid tu nhién trong viéc cai thién chat lugng khéng khi, mic
dé tién nghi nhiét, va tiét giam nang lugng tiéu thu trong cong trinh. Bai
bao nay cung cap mét cach cé hé théng cac giai phap nham tang cudng
théng gié tu nhién trong cdng trinh kién truc, tir d6 tao nén tang dé cac
nha thiét ké &p dung trong thuc tién.
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1.INTRODUCTION

In previous studies[1], the authors have pointed out that the
application of natural ventilation in buildings has become, and will
continue to become, an inevitable trend due to the benefits it offers.
However, designing an effective natural ventilation system that
maximizes these benefits requires considerable professional expertise
and design experience.

In urban environments, natural ventilation may also encounter
adverse impacts, such as the deterioration of outdoor air quality,
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discomfort caused by traffic noise, as well as excessive heat gain or heat
loss under extreme weather conditions.

The aim of this paper is to systematically synthesize the design
solutions for natural ventilation that have been implemented and to
evaluate their practical effectiveness. By doing so, the study seeks to
provide designers with a comprehensive framework that can support
a holistic approach and facilitate the integration of natural ventilation
strategies into future building designs.

2. RESEARCH METHODOLOGY

The primary research method used in this paper is analysis and
synthesis. Studies and articles published in journals and scientific
databases including Web of Science, ScienceDirect, and Scopus, as well
as textbooks and other documents, were collected and synthesized. The
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following search term were used:“cross ventilation’, “natural ventilation’,

“wind catcher”, “cross wind- induced ventilation’, and “cross wind- driven
flow”. The document type was confined to research articles and review
articles and the publication year was set to before 2024. The interesting
research articles and review articles whose titles and abstracts include
the abovementioned keywords were filtered. All articles are then
scrutinized based on the research focus, and those which were not
directly related to natural ventilation were excluded from the list. After
synthesis, the data were classified based on design solutions. In total, 78
studies were reviewed in this paper.

3.RESULT AND DISCUSSION

After synthesizing the data, the paper proposes several key solutions
that have been widely applied. These solutions are categorized into two
main groups: design solutions and technical solutions.
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. RESEARCH AND APPLICATION

3.1. Design solutions

These are design strategies involving the arrangement of floor
plans, elevations, or building forms to optimize natural ventilation flows.
More specifically, they include determining the position and size of
windows and doors, as well as arranging wind-catching elements within
the building.

3.1.1. Building form design

Architectural structures exist within a microclimate, and the building
form also affects the movement of airflow through it. A well-designed
form not only enhances airflow but also improves the quality of natural
lighting inside. Buildings with cubic forms are not optimal for natural
ventilation, as the recirculation zones they create tend to be stable in
size and do not change much. An elongated building form (with its long
facade oriented toward the prevailing wind direction) utilizes airflow
more effectively than a square form, as it creates larger wind-shadow
zones. In addition, for certain types of detached residential buildings,
designing building forms with internal voids or courtyards is also an
effective solution.

For high-rise buildings with significant wind exposure, large positive
pressure zones tend to form on the building surface, which can lead to
undesirable effects such as vortices and corner turbulence. Therefore,
it is necessary to incorporate openings that help guide airflow in a
controlled manner. Table 1 below presents several typical examples of
effective building form design and their practical performance.

Table 1. Examples of architectural form designs that enhance
natural ventilation

Building | Building Type | Image Design Description Practical Performance of the

Solution

1| MBF High- rise  Completed in 1994
Tower residental - Design solution: “porous” | & %
building facade with  multiple T
openings on  vertical | R
surfaces to channel wind | Average natural wind speed in
into apartments. | apartments reaches 12 m/s
Ventilation  voids  are | ventilation covers most of the
arranged  at  different | apartment area Indoor
heights along  vertical | microclimate ~ meets thermal
cores comfort conditions
- The building is oriented at
an angle of 20-30° relative
to the prevailing wind
direction, improving cross-
ventilation efficiency
2| The Met High- rise - Completed in 2005 80% of residents report thermal

residental - Design solution: divided | comfort ~indoors,  55%  of
into 6 smaller blocks, with | households do not rely on air
vertical ventilation voids | conditioning

arranged alternately | Average wind speed ranges from
between them 0.8-15 m/s. At midday, indoor air
- Wind openings and airflow | temperature is several degrees

paths are  organized | lower than outside at ground level

rationally, combined with

3 outdoor garden spaces

This solution presents several limitations. First, a portion of the
building’s usable area is sacrificed to create buffer spaces that guide
airflow. Second, the solution requires a relatively large open space
surrounding the building to ensure stable natural airflow, avoiding
disturbances caused by external obstructions. Third, as a passive
strategy, its performance depends on climatic conditions; during certain
periods of the year, natural ventilation rates may be sufficient, but the
incoming air can carry excessive heat from the outdoor environment,
leading to thermal discomfort. Therefore, additional measures are

required to reduce the temperature of the incoming airflow before
it enters the building.

3.1.2. Floor Plan Layout, Window Position- Size, and Interior
Arrangement

For tube houses—a common building type in large Vietnamese
cities- designers have limited options of building form when
optimizing natural ventilation. Instead, they rely on the effective
arrangement of architectural elements within the floor plan.
Research results indicate that appropriate layout planning and
window design- including window shape, opening ratio, number of
openings, position, type, and orientation- can significantly improve
thermal comfort, reduce cooling loads, extend ventilation duration,
and enhance indoor air quality [2], [3]1.When a building is aligned
with the prevailing wind direction, its surface obstructs the airflow,
creating a positive pressure zone on the windward side, while a
negative pressure zone forms on the leeward side.

Openings should therefore be placed atlocations where negative
and positive pressures reach their highest values, as this creates the
strongest airflow through the space. Inlets (entrance openings) play
a role in controlling airflow direction, while outlets control airflow
velocity. Therefore, inlets should be positioned to guide airflow
toward desired areas. Increasing the size of both inlet and outlet
openings enhances the average indoor airflow velocity; however,
they should have equal widths to ensure effective ventilation.

Openings should be arranged in an offset manner so that airflow
can pass through most of the interior space. A window-to-wall ratio
of 20%, with a window proportion of 1:2, significantly improves
indoor air quality and thermal comfort.

In addition, although the number and shape of furniture do not
significantly affect ventilation efficiency, their arrangement does
have a notable impact. Placing furniture near corners at inlet or
outlet locations can obstruct airflow and create stagnant air zones.
Maintaining a distance of 1-1.2 m between furniture and openings is
optimal for achieving comfortable indoor airflow conditions.

Table 2 below presents a specific example of optimized floor
plan and opening arrangement for natural ventilation in a tube
house in Bac Ninh, Vietnam. By arranging openings appropriately
and using the staircase space as a vertical ventilation shaft, airflow
can move both horizontally and vertically, ensuring that no interior
space becomes “isolated.”

Buiding Type Image Decription Fracticsl Bectveness
- Completed in 2000

- Rooms ye dranged with | seaches L5 més indoor wing

R House, | Besidentsl = When the ouidoor wind speed
Bic Mink, | Howe
VIEE Mam large dIMENGONS wndset | et range from 04 | e
and consscted 1o & central | Badroom) s 08 moi [fost
atrium, alowing seminusus | Bsdreams), with an average of D55
airfow  itheoughow  the | mis

Tpace = in summer, when the oubdoor

- The tagade b desigred | temperatune  is  3°C phe

with Tones that wad  indoer pa
Balp [T thi | mnges fom 39-300C thermal
Anrmpeeaives of incomingair | comdon can ba achiswed using

Ewrione it antars the building | only fans

This solution is inherently passive and therefore requires
complementary measures to reduce the temperature of the incoming
airflow during certain periods. In addition, ensuring adequate
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ventilation across most interior spaces necessitates maintaining
open connections, which may compromise privacy in some
areas.

3.1.3. Arrangement of Wind Catchers in the Building Layout

More specifically, this solution involves arranging vertical
ventilationshaftsuch asatriums, courtyards,and solarchimneys...
These elements create a vertical air pressure difference (stack
effect), thereby drawing air upward and generating natural
ventilation airflow. To achieve maximum efficiency, the space
surrounding the air intake (typically on the ground floor) must
have sufficient volume and should not be obstructed by large
furniture that could reduce airflow momentum. Additionally,
all interior spaces should be connected to the ventilation shaft
through openings such as windows. Table 3 below presents
several common types of wind catchers and their practical
effectiveness.

Table 3. Common types of Wind Catchers and Their
Performance

Irnage Dusighn Drierigtisn Practical Parformans of B Sehiisn

1 L - Suitidshs far tube bl |- Cas generats qlible aiflew with valosities

- Cam improes indoor air |ranging tom 025075 myy  significanily

gualty  and  naiunl |improving isdeor tharmal comien
lighting

- Sheuld ba placed & B
comar el the Near plan,
with an anea of about B-
109 el i Babal Messd il

- A dohitisn thet wtifbed

~Outdenr wind spesd bk the grestet nfusncs

archibecoural alemant
Tound acrcss the Middie
Eaat, it e duting bad
thousands of yaars

- [t prodida =

ventiation o indoor
spaces, They can a0
laciinaie Aviporative
cocling with the halp ol
WA SESROVOIN  irdide
buildings.  Sosetirme,
thay ara poisted imo e

wind 1o catch mose air

Chimrsry - solar therral enengy o | on its perlormance. Madmus efficiency i
: create 8 miack  effect | achiveed whas auidoor wisd spsed is balos 05
within  vertiesl  air | =™
ehasnab
- Suftabla for regions with
high snler distios, wch
a8 southem Vietnam
3 il « &  windowicher s @ |- The wee od wind towers can significastly incresss
i tradisonsl Pestign | airflow within the Bouss, ranging from 02 10

0565 my's With precise adjusimants o specific
paramebars, this figure can ba furihar akraied

It i recommended to utilize four-faced wind
towers with a height asiending bryond e

airlon BOn,

spacificaly mnging from 7 o 17 maiers. The
infet openings thould be podiioned w dissclly
laca the prevaling wind dinecion, and e
spaning ana should be larger than tha e

area in enharcs veriilation fow rates

Solar chimneys and wind catchers are highly effective in
hot-dry climates; however, their performance is less effective
in hot-humid regions such as Vietnam. Atriums are a commonly
used solution in Vietnam, but appropriate shading strategies are
required to mitigate solar heat gain.

3.2. Technical Solutions

In many cases, natural ventilation alone cannot meet user’s
demand, therefore, mechanical systems are employed. Table 4
below summarizes several basic technical devices that are widely
used worldwide.

g [ Practical Efcviis

- & Bk diwice with drphe | - Inoa typcal e,

1 Fan
mechneiogy. Gy 10 operat and | inmailisg fard can sasily
maimain, with low mairesancs | achirs indocr themal
ceaty enmion

- Hevwioir, s alfectie

depands on e air

narEparaLe
2 Matural — - B witem that guided and | - Privded el difloe
waAtEatisn "I H= ¥ b distiibutes nateral wiflew imio | a1 aeond 32 mA
duck wystem A Ea— EBuildings, commenty spplid in | Sroghout the Bulling

w _' J high-riie office Buildingu - incraasnd tha duritisn
') - b vadps ey airfiva iive all | ol Aatural | weiEaten
indosr span withedl caiing | e S5 16 758 ol the
dirafis or diwomfon Ll

-~ D ranen ndoor
Al Tiati g atura
Batwnin J0-25°C, aven

witun, sndasr
PR drap
Bl 13°C

3 | Deuble  skin B il design comiting of | - Can increne satural
two  sepanate  lrpers, dpaced | vesrilation aiflow by

appezaimately 0 om apart The | apprccdmatedy 0% 1o

vantiation

@Aty batwias thi layers dors | LO0AL  companid 10

il inaliios: and halpl regulits | corventisnal sirgh
airflow emaring tha building Aagasr
- Enharced satuml venidaten | - Air velocity sithin the

whie aho prodding ol | esdty anges fem 052

ahading, panticulicky #ffsctive in | m, sgnificasthy
lerw-lativeds egions improving  vemiation
periarmance

- I thin ndoor-

This solution is highly effective; however, it requires complex
calculations during the design phase, as well as a high level of expertise
for operation and maintenance. In addition, the cost of design and
installation presents a significant barrier to its widespread adoption.

4. CONCLUSION

This paper has analyzed common solutions to enhance natural
ventilation in architectural buildings and their practical effectiveness.
To maximize ventilation performance, it is necessary to calculate and
apply solutions individually or combine multiple strategies from the
conceptual design stage.

In addition, attention should be paid to the temperature and
humidity of the incoming airflow, as in certain conditions, excessively
high temperature and humidity can cause discomfort, even when
natural ventilation is sufficient.
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