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ABSTRACT

Safety is the primary concern throughout a building’s lifecycle, from its initial design to
its eventual occupancy. It is widely acknowledged that in the event of a structural fire, the
resultant smoke presents a far greater danger to human life than the flames themselves.
Smoke, a complex aerosol generated by the incomplete burning or thermal breakdown of
materials, comprises minute particles suspended within emitted gases and the surrounding
air. Consequently, “smoke management,” often encompassing both active and passive
techniques for “smoke control,” involves strategically applying methods to limit and direct
the movement of smoke within a building during a fire emergency. A critical contemporary
need exists for the fire safety measures of factories in the ready-made garments industry,
a sector particularly susceptible to fire incidents, to be bolstered. While fire suppression
systems are indispensable, they cannot assure complete safety alone, as the smoke produced
by a fire can swiftly incapacitate and endanger individuals. This underscores the vital function
of a smoke ventilation system, through which smoke is extracted, thereby creating safer
egress routes for occupants when a fire breaks out. The aims of effective smoke control
systems are multifaceted, including the safeguarding of life, the establishment of less perilous
evacuation paths, the limitation of smoke spread to unaffected areas of the building, the
protection of assets, the facilitation of firefighting efforts, and the simplification of post-fire
remediation. The operational principles and the fundamental necessity of integrating smoke
ventilation systems into comprehensive fire safety provisions are articulated by this research.
Furthermore, the potential for this infrastructure to be leveraged for the enhancement of
routine indoor environmental air quality will be explored, presenting a dual benefit of these
critical building systems.
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INTRODUCTION the system is provided in this paper to promote awareness

Natural smoke and heat exhaust ventilators are key in
maintaining unobstructed escape routes and fire brigade
access during a building fire. These systems direct smoke
and hot gases upwards and out of the burning structure,
preserving the building’s inherent fire-resistant properties
and minimizing potential damage to valuable assets.

Common access areas, such as stairwells and connecting
corridors, as well as industrial and office buildings,
are locations where natural smoke and heat exhaust
ventilators are typically installed (Kamenev, 1964).
A smoke ventilation system is recognized as a vital
life-saving feature for incorporation into commercial
buildings, factories, shopping centers, and high-rise
residential complexes. Although not a fire extinguishing
system in itself, the safe evacuation of occupants during
the initial stages of a building fire is facilitated by it.
Regrettably, numerous devastating fire incidents have
been experienced in factories and commercial buildings
in and around Dhaka city in recent years (Islam ez a/,
2016). In these incidents, valuable lives were lost, leading
to considerable concern and criticism in both domestic
and international press and public circles. It is believed
that many lives could have been saved in such building
fire occurrences through the implementation of an
effective smoke ventilation system. A brief desctiption of

among designers, builders, owners, and the general public
regarding its necessity in buildings. A substantial volume
of dense and noxious smoke is produced by a fire in a
building, and this smoke moves upward due to buoyancy.
Suffocation, resulting from a lack of air and oxygen, is the
cause of death for individuals trapped by smoke. It is also
a well-established fact that fatalities are more frequently
caused by smoke than by the fire (Raman ez a/, 2014).

LITERATURE REVIEW

The critical role of systems designed to manage smoke
during building fires has been thoroughly established
in existing research. Foundational understandings of
industrial air movement, which provide the basis for
many smoke control strategies, were developed in catly
works on ventilation principles. Building upon this
groundwork, practical guidelines for designing and
implementing fire and smoke management systems
within the broader context of heating, ventilation,
and air-conditioning (HVAC) applications have been
provided in comprehensive handbooks. These initial
resources underscored the vital necessity of effectively
removing smoke to ensure safe conditions for people
to evacuate and for firefighters to do their work. The
basic principles of HVAC systems reveal the inherent
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capability of building-wide air distribution networks.
This understanding is key to exploring how these systems
can serve purposes beyond just keeping the temperature
comfortable and exchanging air. Specific studies have
looked at how well smoke exhaust systems work in
complex building designs, such as large open spaces.
These investigations have provided valuable insights into
how design choices and air movement patterns affect
the performance of smoke removal in these challenging
environments. Similarly, fundamental works on heating
and ventilation have contributed to our understanding
of the principles relevant to controlling smoke in various
types of buildings.

The engineering behind the design of smoke management
systems has been extensively covered, detailing different
methods and important factors for creating effective
strategies. These
emphasized the need for these systems to be reliable and

smoke control resources have
well-integrated with the building’s overall fire safety plan.
The significance of smoke ventilation systems in ensuring
safety during fire incidents and helping people evacuate
has also been highlighted in various engineering forums.
Looking beyond just the immediate safety aspects, the
importance of good indoor air quality was considered
even in earlier discussions about maintaining healthy
environments through proper ventilation practices.
While not specifically about combining smoke and
regular air systems, these works laid the groundwork for
understanding the benefits of effective air exchange inside
buildings. The use of computer models to help design
smoke management systems has also been explored,
showing how these tools can be valuable in optimizing
how well these systems work and predicting how smoke
will move during a fire. Furthermore, detailed methods
for designing smoke and heat exhaust ventilation in
different kinds of buildings have been provided, offering
practical guidance for those involved in building design
and engineering. Specific guidelines for managing
smoke in large and complex areas like shopping malls
and atriums have been developed in industry standards.
These standards offer important insights into the unique
challenges and design considerations that come with
controlling smoke in these types of spaces. Finally,
the basic science of how air moves within buildings is
crucial to understanding how both smoke and fresh air
are distributed and removed by a building’s ventilation
system. Looking at all of this existing research, it’s clear
that there’s a strong understanding of how to manage
smoke for safety during a fire. However, the idea of
using the same basic systems to also routinely improve
the air we breathe inside buildings, while hinted at in our
understanding of HVAC and earlier discussions about
ventilation for health, hasn’t been explored as much.
This research aims to build on what we already know by
looking at the potential benefits of combining smoke
management and regular air systems to achieve both
better safety and improved air quality in buildings every
day.

MATERIALS AND METHODS

A comprehensive literature review was conducted to
synthesize existing knowledge relevant to the integration
of smoke ventilation systems for enhanced indoor
environmental air quality in buildings. The search strategy
employed a multi-database approach, encompassing
prominent academic and research platforms including
PubMed, ResearchGate, Academia.edu, Scopus, and
Google Scholar. The search terms utilized were carefully
selected to capture a broad spectrum of relevant
publications, and the search results were thoroughly
examined for pertinent information. Furthermore, the
reference lists of identified articles and related works
were also explored to uncover additional relevant sources
through citation chaining,

The data analyzed in this research were exclusively derived
from secondary sources. An extensive review of both
online and offline literature was undertaken to gather this
secondary data. The sources consulted included a diverse
range of materials such as academic books, official
government reports, reports issued by international
organizations, peer-reviewed scientific journals, relevant
news articles, and publications available on the internet
from reputable sources. The information extracted
from these secondary sources was critically evaluated
and synthesized to form the basis of the analysis and
discussion presented in this research.

Purpose

Once smoke is sensed within an area, a smoke ventilation
system automatically activates, initiating the process of
smoke extraction; the fundamental aim of this automated
response is to diminish the concentration of smoke within
the environment to a degree where respiration, visibility,
and egress towards designated exits become feasible for
occupants. This critical system is engineered to operate
for a sustained period of 20 to 30 minutes, thereby
affording individuals inside the building a crucial window
of opportunity to evacuate to safety before the arrival
of emergency responders tasked with fire suppression
(Raman ¢7 al., 2014).

Systems for Smoke Control: Establishing a Secure
Environment

Encompassing strategies for both smoke ventilation
and smoke containment, sophisticated smoke control
systems serve as vital safeguards for human life and play
a significant role in the preservation of property during
fire-related emergencies (Klote ez al, 1992). While these
systems, often also termed fire ventilation systems,
present in a wide array of configurations and levels of
engineering intricacy, the implementation of a well-
conceived smoke control strategy during a fire yields
several crucial benefits. These advantages include the
sustained clearance of smoke from critical escape and
access pathways, the enhanced facilitation of firefighting
interventions by first responders, the potential for delaying
or even preventing the phenomenon of flashover,
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thereby mitigating the probability of more extensive fire
propagation, the safeguarding of the building’s internal
contents from damage, and a demonstrable reduction in
the overall susceptibility of the building structure to fire-
induced degradation.

Figure 1: System for Controlling Smoke.

The Installation of Fire Ventilation Systems

A fundamental goal involves the preservation of egress
and access pathways, ensuring they remain clear of smoke
accumulation. Moreover, the strategic establishment of
a smoke-free layer is intended to significantly enhance
the operational efficacy of firefighting interventions. A
further critical objective lies in the retardation or outright
preclusion of flashover, thereby impeding the subsequent
full-scale progression of the fire event. Concomitantly,
efforts are directed towards the safeguarding of
equipment, furnishings, and interior contents, alongside
the minimization of adverse thermal impacts on the
building’s structural elements during a fire incident.
Lastly, a key consideration involves the mitigation of
damage arising from the corrosive effects of thermal
decomposition byproducts and elevated temperature
gases (American Society, 1999).

System Description

In the system design phase, a building is partitioned
into distinct smoke zones, a process that takes into
careful consideration the building’s specific type, spatial
dimensions, and intended usage. These zones are
demarcated from one another by the construction of
solid block walls extending up to the ceiling level, and
any breaches around service conduits that traverse these
walls are meticulously sealed with fire-resistant sealant.
In instances where a physical wall cannot define a zone
boundary, water curtains are employed as a separation
mechanism. Furthermore, fire dampers are integrated
within Heating, Ventilation, and Air Conditioning
(HVAC) ducts at points where they penetrate a zone-
separating wall. The overarching aim of these meticulous
precautions is to achieve the effective isolation of
individual zones, thereby preventing the propagation
of a fire originating in one zone to adjacent areas. Each
designated zone is equipped with its own dedicated
ventilation system. Naturally, the determination of these
zonal divisions is made in collaboration with the project

architect, who will incorporate the necessary shafts,

openings, and barriers within the building’s layout to
accommodate the requirements of the ventilation system.
Smoke ventilation is achieved through mechanical
systems employing robust fans specifically engineered to
withstand elevated temperatures, typically reaching 300
degrees Celsius for a minimum operational duration of
30 minutes, thereby ensuring their functionality during
critical fire events; to guarantee operational reliability,
a dual-fan configuration is standard practice, providing
redundancy that ensures smoke extraction capabilities are
maintained even if one fan experiences a malfunction.
Correspondingly, supplementary fresh air fans are
integrated into the system to introduce makeup air into
the designated spaces, a crucial step in counterbalancing
the negative pressure that would otherwise be generated
by the smoke extraction process, thus maintaining a
stable air environment. These smoke exhaust and fresh
air intake fans, commonly positioned on the building’s
roof structure, are designed for simultaneous operation
and are strategically located at a sufficient distance from
each other to effectively prevent the recirculation or
bypassing of smoke, thereby optimizing the system’s
efficiency. The extraction of smoke from various rooms
and designated areas within the building is accomplished
through a network of heavy-gauge sheet metal ducts and
strategically placed diffusers, while the introduction of
makeup fresh air to these same areas is facilitated by a
similar ductwork infrastructure, ensuring comprehensive
air management throughout the building. Under normal
circumstances, these critical ventilation fans remain in a
standby mode, activating instantaneously upon receiving
a command signal indicative of smoke detection, thus
providing an automated response to fire emergencies.
Power for these fans is supplied via an emergency bus
bar, a vital feature that allows for their uninterrupted
operation through an emergency generator should a
failure of the primary power supply occur, underscoring
the system’s resilience during power outages.

The comprehensive design of the smoke ventilation
system is a carefully considered process, intricately
dependent upon the specific classification of the
building, its intended usage patterns, and the anticipated
class of fire hazard it may be susceptible to, ensuring a
tailored and effective safety solution; within the context
of high-rise building design, particular emphasis is
placed on the unique challenges posed by staircases and
elevator shafts, which, due to the principles of natural
draft, can inadvertently function as conduits for the
vertical migration of smoke from one floor level to
another, potentially compromising evacuation routes and
safety measures. As a proactive countermeasure to this
inherent risk in vertical structures, dedicated fresh air
supply fans are installed on the rooftop areas serving stair
and lift wells, their primary function being to introduce
a continuous supply of fresh air into these critical
vertical pathways, thereby establishing a positive pressure
differential (typically around 50 Pascals) that effectively
counteracts the buoyancy-driven upward movement of
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smoke and prevents its infiltration into these essential
evacuation and access routes.

To ensure the critical function of stairwells as smoke-
free evacuation pathways, differential pressure sensors
can be strategically implemented to manage the output
of ventilation fans; this regulation maintains a specific
positive pressure within the staircases when compared
to the pressure in adjacent interior areas. During a fire
incident, elevators are typically taken out of service and
are programmed to automatically return to the ground
level and cease operation (Raman e/ al, 2014).

Various methodologies for air exchange and movement
within buildings lead to the categorization of ventilation
systems into distinct types, such as forced ventilation,
exhaust ventilation, a combined suction-and-exhaust
approach, general air exchange systems, localized
ventilation strategies, natural ventilation relying on passive
forces, and mechanical ventilation utilizing powered

equipment.

Forced Ventilation

Forced ventilation systems function by actively
introducing a supply of clean air into a designated area;
the subsequent removal of air from this space, however,
largely depends on the passive escape of air through
inherent leakages present in the surrounding structural
elements and via any open doorways, a process facilitated
by the positive pressure generated within the ventilated

zone.

Exhaust Ventilation

Exhaust ventilation systems are specifically engineered
to extract air from a ventilated area, thereby establishing
a negative pressure environment within that space; this
induced pressure differential encourages the influx of
outside air, as well as air from adjacent spaces, to enter
the ventilated zone through doorways and any existing
leaks in the surrounding enclosures.

Suction-and-Exhaust Ventilation

Suction-and-exhaust ventilation operates by concurrently
supplying air to and systematically removing air from
a specific area, a balanced approach that allows for the
establishment of ecither a positive or negative pressure
environment, depending on the precise calibration of
the air supply and exhaust volumes; this controlled
pressurization of adjacent spaces is a key feature
that effectively prevents the unwanted transfer of
contaminated air between them, thereby ensuring air
quality is maintained and the spread of pollutants is
minimized, such as preventing smoke from a designated
smoking area from entering a lobby, kitchen odors from
permeating a dining room, or industrial contaminants
from a galvanizing section from reaching an assembly
shop. The efficacy of this method hinges on the
consistent creation and maintenance of the intended
positive or negative pressure within the ventilated areas,
achieved through a continuous and substantial exchange

of air (Baturin, 1965). The natural rate at which air
within a space is exchanged, occurring independently
of mechanical ventilation via structural leaks or driven
by wind or temperature differentials between inside and
outside, is quantified by the air exchange frequency, which
is calculated as the ratio of the air volume entering or
exiting the space per hour to the total volume of that
space.

General-Exchange Ventilation

General-exchange ventilation, a common strategy
employed in all residential and public buildings, functions
by introducing a supply of clean air into an occupied
space, thereby diluting any noxious substances released
within that environment to acceptable concentration
levels; furthermore, this introduction of fresh air serves
to dissipate excess heat and moisture, necessitating that
the supplied air possess lower temperature and humidity

characteristics than the air being displaced.

Local Forced Ventilation

Local forced ventilation strategically establishes the
necessary air environmental conditions within specific,
confined areas of industrial installations through the
deployment of localized climate control technologies,
including spot cooling units and air oases, among other
similar devices designed for targeted air treatment
(American Society, 1999). In contrast, local exhaust
ventilation functions by directly capturing and removing
harmful impurities precisely at their points of origin
through the implementation of specialized local exhaust
systems, such as laboratory fume hoods designed for the
safe handling of hazardous chemicals, furnace hoods
engineered to extract heat and combustion by-products,
or side-slot hood exhausts employed in various industrial
processes to capture airborne contaminants; moreovet,
industrial processing equipment that inherently generates
noxious substances is frequently designed with integrated
local exhaust units and enclosures, forming an inseparable
component of the machinery itself to ensure the efficient
containment and removal of pollutants right at their
source of emission.

Natural Ventilation

Natural ventilation, a passive air exchange strategy,
relies on the inherent physical principles of thermal
buoyancy and the kinetic energy of wind to facilitate the
movement of air into and out of an enclosed space; this
process is driven by temperature gradients that induce
density variations between the ambient outdoor air
and the air contained within the building, as well as the
external aerodynamic pressures exerted by wind currents
(Morgan ef al,, 1999). Non-systematic natural ventilation,
characterized by its lack of controlled pathways, occurs
through the adventitious infiltration and exfiltration of
air via the multitude of unintentional openings present
in a building’s envelope, including the often-unsealed
perimeters of windows and doors, as well as other
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incidental structural gaps, leading to an unpredictable rate
of air exchange. In contrast, systematic natural ventilation
employs a more deliberate and regulated approach,
accomplishing air supply and exhaust through specifically
designed air ducts and manually or automatically
adjustable vent openings strategically integrated into the
building’s architectural elements, such as walls, windows,
and skylights, thereby allowing for a greater degree of
control over the volume and direction of airflow.

Mechanical Ventilation

Mechanical ventilation, as illustrated in Figure 1,
predominantly relies on electrically powered fans or
blowers to facilitate air movement. Within supply systems,
the incoming outdoor air undergoes conditioning by
specialized equipment typically housed in an air-supply
chamber situated near the intake point. From this
chamber, the treated air is distributed throughout the
building via a network of ducts, ultimately being delivered
to the intended spaces through various supply ventilation
outlets, such as louvers, perforated ceilings, and decorative
grilles. In the context of general-exchange ventilation,
the removal of air occurs through a system of ducts
connected to grilles, leading to an exhaust duct network,
whereas local ventilation employs local exhausts, often
linked to independent exhaust systems, for the extraction
of air from specific points of contamination (Milke, 2000).
Air that contains highly toxic substances or air extracted
through local exhausts necessitates purification; for this
purpose, air-cleaning equipment, such as dust collectors
or filters, is installed immediately before the discharge of
the contaminated air into the external atmosphere. The
equipment for exhaust ventilating systems is generally
located within exhaust chambers, although exposed
installations may be feasible in industrial plants operating
under favorable climatic conditions. In situations whete
the noise generated by the ventilating equipment does
not significantly disrupt the activities within a workshop,
warchouse, or other industrial area, the equipment may
be installed directly within the space being ventilated.
Furthermore, forced, heating, and exhaust ventilating
units designed for mounting on floors, columns, or walls
are also utilized in such industrial settings, providing
localized air management solutions.

In residential dwellings, a prevalent approach to
ventilation involves exhaust systems that utilize natural
induction to remove air from kitchens and lavatories,
coupled with the intake of fresh outside air through
adjustable window vents, small hinged panes known
as “fortochki,” and inherent leaks within the building’s
walls. Figure 2 illustrates a comprehensive mechanical
ventilation system, where (1) denotes the air intake shaft,
(2) represents a dust-removal chamber, (3) indicates an
oil filter, (4) signifies air heaters, (5) shows humidifying
nozzles, (6) is a drip eliminator, (7) denotes a fan or
blower, (8) represents supply ducts, (9) indicates an
exhaust fan, (10) shows exhaust ducts, (11) represents an
exhaust chamber, and (12) signifies a supply chamber.

Mechanically induced suction-and-exhaust ventilation
systems represent a widely adopted and sophisticated
approach to air management in modern industrial
complexes and public edifices, offering a balanced and
highly controllable means of ensuring optimal indoor
air quality and comfort through the simultaneous
introduction and extraction of air. In a significant
number of applications, the principles of forced
ventilation are seamlessly integrated with hot-air heating
systems, a synergy achieved by incorporating a more
robust air preheating apparatus capable of elevating the
temperature of the supplied air to a level demonstrably
higher than that prevailing within the occupied space;
this strategic preheating of the incoming air stream
ensures that the thermal energy carried by the forced
air effectively offsets the heat dissipated from the area,
thereby contributing to enhanced energy efficiency and
a more comfortable internal environment for occupants.
Moreover, air conditioning systems are deployed in
scenarios where the atmospheric conditions within a
designated area necessitate meticulous and unwavering
control, adhering strictly to precisely defined quality
parameters that often encompass temperature, humidity,
and air purity; this advanced methodology achieves the
maintenance of these prescribed air parameters through
the utilization of automatically regulated air-treatment
processes operating within the air-conditioning units,
which themselves are dynamically adjusted based on
real-time assessments of both the external atmospheric
conditions and the subtle variations in heat and moisture
content within the interior air spaces. The continuous
evolution and expanding utilization of air-conditioning
technologies, coupled with ongoing refinements in the
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Figure 2: Ventilation system with a mechanical suction
and exhaust
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techniques employed for the distribution of conditioned
air throughout interior volumes, collectively contribute
to a progressive and substantial increase in the overall
efficiency of ventilation systems and the precision with
which indoor environmental conditions can be managed.

Atriums

A prevalent architectural design in contemporary
shopping malls and university buildings involves the
integration of expansive atriums, which are characterized
by their significant vertical dimension, creating open void
spaces that extend uninterrupted from the ground floor
all the way to the building’s roof structure, often serving
as central gathering points or circulation hubs. To address
the critical challenge of smoke management within these
substantial volumes during a potential fire incident, high-
capacity smoke exhaust fans are strategically positioned
at the uppermost reaches of the atrium’s roof, engineered
for the swift and efficient extraction of smoke, which,
due to its inherent buoyancy, naturally ascends to
these elevated levels. To ensure the effective operation
of this smoke extraction system and to facilitate the
displacement of smoke-laden air, the introduction of
compensatory makeup air is thoughtfully arranged at
the ground floor level through the incorporation of
sophisticated automatic door mechanisms; these doors,
designed to maintain a closed configuration under normal
building operation to regulate airflow and temperature,
are programmed with an intelligent activation system that
triggers their automatic opening upon the detection of
smoke, thereby establishing a clear pathway for fresh air
to enter the atrium space and contribute to the overall
efficacy of the smoke removal process.

Atrium Smoke
Considerations

Management System Design
Sophisticated engineered smoke management systems
often fulfill a pivotal role in maximizing the functional
versatility of atrium spaces within contemporary building
designs by demonstrably ensuring that the fundamental
safety prerequisites stipulated by pertinent building and
fire safety codes are comprehensively satisfied, or by
furnishing an enhanced degree of protective measures for
both the building’s occupants and its valuable assets within
these substantial interior volumes (Hadjisophocleous ef
al, 1999). This typically involves the strategic deployment
of meticulously designed mechanical exhaust systems,
specifically  engineered to effectively control and
significantly restrict the accumulation of smoke within
the atrium’s expansive airspace and, perhaps more
critically, to rigorously impede its potentially hazardous
migration into designated emergency evacuation routes
thereby

preserving the integrity of escape pathways. Furthermore,

and interconnected communicating areas,
a number of influential model building codes, both
within the United States and across various international
jurisdictions, have formally introduced specific and

often stringent requirements for the implementation of

comprehensive smoke management systems in atrium
designs; these regulatory frameworks frequently draw upon
the well-established design principles and detailed criteria
articulated in authoritative engineering design guides, a
prominent example being NFPA 92B, officially published
by the National Fire Protection Association, bearing the
title “Guide for Smoke Management Systems in Malls,
Atria and Large Areas.” These highly informative guides
offer in-depth considerations and detailed design criteria
that are specifically tailored to the unique challenges and
requirements of atrium smoke management strategies,
providing a robust framework for ensuring life safety and
property protection in these complex architectural spaces
(as further elucidated in Figures 3, 4, and 5) (NFPA, 2000).
The design of atrium smoke management systems
fundamentally relies on the principles established in
multi-zone fire models, which provide a framework for
understanding the behavior of smoke within enclosed
spaces: an initial fire event generates buoyant hot gases
that ascend above the fire source, forming a thermal plume
characterized by its upward movement (Hadjisophocleous
etal., 1999). As this plume rises through the atrium’s volume,
it actively entrains the surrounding ambient ait, a process
that results in a progressive increase in both the plume’s
diameter and its mass flow rate, which directly correlates
to the rate of smoke accumulation at higher elevations—
effectively forming an expanding conical shape. Upon
reaching the ceiling or the underside of the roof structure,
these hot gases spread laterally, forming a layer of smoke
that accumulates beneath the upper boundary of the atrium
space (as visually depicted in Figure 3). As the volume of
smoke within this upper layer increases over time, the layer
itself thickens and gradually descends within the atrium, a
phenomenon that can ultimately lead to the complete filling
of the atrium space with smoke, resulting in significantly
reduced visibility and an increased distribution of
potentially harmful gases to other interconnected areas of
the building, Within this dynamic environment, the rising
thermal plume, the accumulating layer of smoke at the
upper levels, and the cooler, ambient layer of air situated
below the rising plume and not yet entrained within it
constitute three distinct and interacting zones within the
atrium’s overall airspace (as illustrated in Figure 3). Based
on extensive experimental data, a series of equations have
been developed to accurately estimate the key properties of
the smoke plume, the thickness of the developing smoke
layer, and its average characteristics, including temperature,
the concentration of various gaseous components, and the
smoke’s optical density, which is a measure of its opacity
(Klote e# al, 1992). The fundamental principles of mass
and energy conservation among these three distinct zones
within the atrium are also mathematically reflected in the
design equations utilized by engineers. These empirically
derived equations form the foundational basis for the
design of sophisticated smoke management systems, as
outlined and applied through the guidance provided in
established engineering design manuals and standards.
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(Source: Abmed et al., 2017).

Ceiling Jet

Beyond addressing the potential issue of plug holing,
which can compromise the effectiveness of smoke
exhaust systems, NFPA 92B also provides a critical
recommendation regarding the depth of the smoke layer
beneath the exhaust inlets; specifically, it advises that this
depth should be adequately sized to accommodate the
substantial flow of smoke once it reaches the ceiling or
upper boundary of the atrium space (as depicted in Figure
6). Upon impinging on this upper surface, the smoke then
flows radially outwards towards the perimeter walls of the
atrium, a phenomenon commonly referred to as the ceiling

jet. When this outward flow of smoke encounters the
vertical wall surfaces, its direction is subsequently redirected
back into the main volume of the atrium. Fire-protection
engineers have generally operated under the assumption,
recently validated by experimental work conducted by
the IRC (likely referring to the Institute for Research in
Construction or a similar organization), that this ceiling-
level smoke flow occupies a vertical extent equivalent to
approximately 10% to 20% of the total height of the
atrium. This characteristic behaviour of smoke flow at
the ceiling imposes a practical limitation on the maximum
depth of the smoke layer that can be effectively managed
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and accommodated by a mechanical exhaust system and,
consequently, necessitates careful consideration during
the crucial process of determining the appropriate design
height for the smoke management system (NFPA, 2000).

Exhaust fan
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Figure 6: Smoke flow pattern from ceiling jets
(Source: Abmed et al., 2017).

Basemest Car Parks and Using Fan at Structure

A paramount consideration in building design must
be the provision of robust and continuous mechanical
ventilation for subterranean car parking facilities, a
necessity driven by the imperative to consistently extract
the noxious emissions generated by vehicles, most
notably carbon monoxide. This insidious, odotless, and
colorless gas, commonly termed the “silent killer,” poses
a significant health hazard, with emission levels peaking
dramatically during periods of high traffic volume, and
exceeding critical concentration thresholds can precipitate
dire, potentially fatal, consequences for individuals within
the confined environment of the parking structure.
To directly address this risk, a substantial proportion,
specifically around 50%, of the exhaust duct intake
points are deliberately positioned at a low level, in close
proximity to the floor surface, to facilitate the immediate
and efficient capture and removal of car exhaust fumes at
their soutrce of emission.

An intelligent and economically sound design alternative
involves the dual-purpose utilization of the very same
high-capacity fans intended for smoke extraction during
fire emergencies to also manage the routine, day-to-day
air exchange requirements within the car park. In such
integrated systems, the implementation of sophisticated
dual-speed fan units offers a practical solution, with
a lower operational speed selected for the continuous
maintenance of general air quality under normal
conditions and a higher, more powerful speed reserved
for the rapid and effective evacuation of smoke in the
event of a fire (Samiul, 2023). These adaptable dual-

speed fans, typically operating at the energy-efficient
lower speed for regular ventilation, are equipped with
that trigger an
immediate transition to the high-speed mode upon the
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Figure 7: Fan use in structure.

detection of smoke, thereby ensuring a swift and potent
response to fire-related hazards by rapidly clearing smoke
from critical areas (Raman e/ a/, 2014).

Escape Route

A particulatly prudent initial action in devising a
thorough home fire evacuation strategy involves the
meticulous creation of a detailed floor plan of the
dwelling. This visual representation should clearly mark
all customary and emergency escape routes, alongside
the precise locations of every window, door, staircase,
and hallway, thereby providing a readily understandable
guide to potential means of egress during an emergency.
To effectively assess the viability and efficiency of a
home fire escape plan, a highly recommended practical
exercise entails having each member of the household
situated in their respective sleeping quarters, simulating
nighttime conditions by turning off all illumination, and
then triggering the smoke detection system by activating
its test function (Retter e/ a/, 1968). In this simulated
scenario, each individual should actively participate in
alerting other family members by vocally communicating
the warning. Subsequently, all members of the household
should enact their escape from their rooms according
to the predetermined plan, diligently practicing essential
safety protocols such as maintaining a low crawl to stay
beneath any potentially hazardous smoke layer and
cautiously checking doors for elevated temperatures
before attempting to open them, ultimately gathering at
a pre-designated safe assembly point located outside the
confines of the residence.

It is crucial to acknowledge that the concept of “homes”
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encompasses a broader spectrum than just single-family
detached houses, extending to include apartments
within multi-unit buildings and various other forms
of communal living structures (Marzeev ef al, 1968).
Consequently, when formulating a home escape plan, it
may be advantageous to consider additional factors that
are specific to these diverse residential arrangements.
While numerous high-rise or multi-story apartment
complexes frequently display general fire evacuation plans
intended for the collective awareness and compliance
of all occupants (Milke, 2000), these overarching plans
typically lack specific escape routes tailored to the unique

Estape(Route

layout of each individual apartment unit. Therefore,
it becomes an indispensable responsibility for families
residing in such multi-unit dwellings to collaboratively
develop and regularly rehearse a detailed and unit-specific
evacuation plan that takes into account the particular
configuration of their own apartment.

HVAC

HVAC, an acronym for Heating, Ventilation, and Air
the
dedicated to achieving indoor and vehicular environmental

Conditioning, represents technological domain

comfort.

Figure 8: Escape Route
Source: Family home Escape plan
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The fundamental objective of HVAC systems is to ensure
both thermal comfort for occupants and the maintenance
of acceptable indoor air quality within enclosed spaces.

The design of HVAC systems constitutes a specialized
sub-discipline within the broader field of Mechanical
Engineering, drawing upon the core principles of

https:

journals.e-palli.com/home/index.ph

ajcec
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thermodynamics, fluid mechanics, and heat transfer to
achieve its goals. HVAC technology plays a particularly
critical role in the design and operation of medium
to large-scale industrial and office buildings, such as
towering skyscrapers, as well as in specialized marine
environments, including aquariums, where the regulation
of safe and healthy building conditions with respect to
temperature and humidity is paramount, often relying on
the controlled introduction of fresh air from the external
environment. Ventilation, a key component of HVAC
systems, encompasses both the exchange of air between
the interior and the exterior of a building, as well as the
effective circulation of air within the building’s internal
spaces. It stands as one of the most significant factors in
ensuring and sustaining acceptable indoor air quality for
the occupants of buildings (Wikipedia, 2025).

Control

Generally, a smoke ventilation system is designed
to be interconnected with the building’s fire alarm
infrastructure, a critical integration that enables the
automatic activation of audible alarm signals, such as
bells, and/ot voice evacuation messages throughout the
premises upon the eatliest indication of a fire incident
(Islam, 2015). This fire alarm system acts as the primary
and authoritative control hub for a range of fire safety
equipment, including both fire suppression mechanisms
and the smoke ventilation apparatus, often managed and
monitored through a centralized computer system that
provides a comprehensive overview of the building’s fire
safety status. In situations where a fully integrated fire
alarm system is not in place, the essential automation
of the smoke ventilation system’s functions can be
effectively achieved through the deployment of discrete
direct digital controllers (DDCs), which operate as
self-contained units capable of receiving direct signals
from strategically positioned smoke detection sensors
and independently initiating crucial responses such as
starting the smoke exhaust fans, actuating motorized
dampers and louvers to control airflow, and shutting
down the building’s air handling units to prevent the
inadvertent distribution of smoke through the ventilation
ducts. Moreover, should the building be equipped with
a sophisticated Building Automation System (BAS), this
overarching control platform can extend its capabilities to
include the real-time monitoring of the operational status
and performance of all the constituent components of
the smoke ventilation system, providing valuable insights
into the system’s readiness and functionality.

Improving Indoor Environmental Air Quality in
Buildings with Smoke Ventilation

The air systems inside our buildings, especially those vital
for smoke management during a fire, reveal a compelling
opportunity for the everyday indoor environmental
quality (IEQ) of our built spaces to be enhanced.
Considering the substantial infrastructure inherent in
smoke ventilation- powerful air handling units and an

it becomes
evident that this equipment, typically reserved for critical
life-safety scenarios, possesses a latent capacity for
significant contribution to the routine maintenance of a

intricate network of distribution ducts-

healthy and comfortable indoor atmosphere. Instead of
solely functioning in a reactive mode during fire incidents,
a thoughtfully engineered system allows the air breathed
on a daily basis to be proactively managed, leading to
tangible benefits for occupant well-being and overall
building performance.

A building where the air feels consistently fresh and
invigorating, devoid of the common indicators of poor
IEQ such as stuffiness, lingering odors, or the subtle
irritation that can arise from airborne contaminants, is an
ideal scenario that can be reached through the intelligent
design and operation of integrated smoke management
and general ventilation systems. The core principle
involves the utilization of the same robust mechanical
equipment that would rapidly evacuate smoke during a
fire to continuously circulate and refresh the indoor air
under normal conditions. This process entails cleanet,
often filtered, air being drawn in from the external
environment- a deep, healthy breath being taken by the
building-and simultaneously the indoor air, which has
become laden with a complex mixture of pollutants
generated by both the building itself and its occupants,
being expelled. These contaminants can range from the
volatile organic compounds (VOCs) that are slowly off-
gassed from construction materials, adhesives, paints,
and furnishings; particulate matter such as dust, fibers,
and biological contaminants; and undesirable odors that
can accumulate within enclosed spaces. Through the
continuous flushing out of these contaminants and the
replenishing of the indoor air with cleaner outdoor air, a
healthier and more breathable environment for building
occupants is directly contributed to by the smoke
ventilation system.

Furthermore, the strategic design of air intake and
exhaust points, a critical design element for ensuring
swift and effective smoke removal during a fire, allows for
the optimization of airflow patterns within the building
under normal operating conditions as well. Through the
careful positioning of fresh air inlets at lower levels, where
cleaner air is often found, and the locating of exhaust
points at higher elevations, where warmer, potentially
more contaminated air tends to rise, a natural process
of convective airflow can be effectively augmented by
the mechanical assistance of the ventilation system.
This synergistic approach promotes a more uniform
mixing of air throughout the building’s interior spaces,
minimizing the occurrence of stagnant air pockets where
pollutants can accumulate and IEQ can be degraded.
More consistent temperature and humidity distribution,
enhancing overall thermal comfort and reducing the
energy penalty associated with localized heating or
cooling inefficiencies, is also contributed to by improved
air circulation.

The integration of advanced air filtration technologies
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within the smoke ventilation system offers another
significant avenue for indoor air quality to be enhanced.
High-efficiency particulate air (HEPA) filters, activated
catbon filters, and other specialized media can be
seamlessly integrated into the air handling units and
ductwork of the combined system. A sophisticated
barrier, capturing a wide range of airborne contaminants
with remarkable efficiency, is provided by these filters.
HEPA filters, for instance, are capable of removing at
least 99.97% of particles 0.3 micrometers in diameter,
effectively trapping fine dust, pollen, mold spores, and
other microscopic irritants. Gaseous pollutants, volatile
organic compounds, and a variety of odor-causing
molecules are effectively adsorbed by activated carbon
filters, further enhancing the perceived freshness and
cleanliness of the indoor air. The strategic placement and
regular maintenance of these high-performance filters
ensure that the air supplied to the building’s occupants
is not only adequately ventilated but also significantly
purified, offering substantial health benefits, particularly
for individuals with respiratory sensitivities or allergies.
This proactive filtration strategy becomes especially
critical in urban and industrial environments where the
quality of the ambient outdoor air may be compromised
by various forms of pollution.

Moreover, the inherent capability of smoke ventilation
systems to move large volumes of air rapidly can be
advantageously employed in non-fire-related scenarios
where a swift improvement in air quality is desired. For
instance, in spaces that may experience temporary but
significant increases in indoor air pollution levels, such as
during cleaning or maintenance activities involving the use
of chemical products, or when hosting large gatherings of
people that can lead to elevated levels of carbon dioxide
and other bio effluents, the high-speed operational mode
of the ventilation fans, typically reserved for smoke
extraction, can be temporarily utilized to quickly flush
out these contaminants and a healthy and breathable level
of air quality within the affected area can be restored.
This on-demand, high-volume air exchange capability
provides a responsive and effective tool for maintaining
optimal IEQ in dynamic building usage patterns.
However, the successful implementation of these dual-
purpose systems necessitates a meticulously planned and
comprehensively engineered design approach. Critical
considerations include the precise specification of fan
performance curves to effectively meet the potentially
disparate airflow and pressure requirements of both
emergency smoke evacuation and routine ventilation;
the optimization of overall system energy consumption
across various operational modes to ensure long-
term cost-effectiveness and adherence to sustainability
principles; the careful management of potential noise
and vibration generated by the air handling units and
ductwork to maintain a comfortable and productive
acoustic environment for occupants; and, perhaps most
crucially, the absolute prevention of any potential for
the dedicated

cross-contamination between smoke

extraction pathways and the general ventilation network
through the incorporation of robust backdraft dampers,
carefully calibrated pressure differentials within the
ductwork, and the implementation of strategically placed
isolation dampers that can effectively segregate the two
functionalities when necessary. Furthermore, building
codes, safety regulations, and industry best practice
standards may need to evolve to explicitly acknowledge
and provide guidance for the implementation of these
strategies, their
significant contributions to both life safety and the

integrated ventilation recognizing
holistic health and well-being of building occupants.
The thoughtful and strategic integration of smoke
ventilation infrastructure with the general building
ventilation system represents a paradigm of intelligent
and efficient building design, offering a robust and
sustainable pathway towards achieving both enhanced life
safety in the event of fire emergencies and demonstrably
improved indoor environmental air quality during the
routine occupancy and operation of buildings. By
capitalizing on the inherent capabilities of systems
primarily intended for critical life safety, significant and
tangible benefits in terms of improved air circulation
patterns, more effective removal of a wide spectrum
of airborne pollutants, and a consistently healthier and
more comfortable indoor atmosphere for all building
occupants can be simultaneously realized. Continued
innovation in system design, coupled with adaptive and
supportive regulatory frameworks, will be essential in fully
realizing the transformative potential of these ventilation
strategies for the betterment of our built world.

RESULT AND DISCUSSION

Synergistic Integration of Smoke Mitigation and
Ventilation Technologies for Enhanced Building
Safety and Indoor Environmental Quality

The preceding body of information meticulously details
the vital and multifaceted role that smoke management
and ventilation technologies play in the design and
operational efficacy of contemporary buildings. The
comprehensive analysis reveals a distinct evolution in the
understanding of the inherent dangers posed by smoke
during fire emergencies, the corresponding development
of sophisticated strategies aimed at mitigating these
significant risks, and the emerging recognition of the
potential for these primarily life safety systems to contribute
substantively to the improvement of indoor environmental
quality under routine, non-emergency conditions.

Results

The findings derived from the carefully reviewed collection
of articles consistently underscore the following critical
results:

The Predominant Threat of Smoke

A recurring and emphatic finding is that the inhalation
of smoke during a building fire represents a far more
significant and immediate threat to human life than
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direct exposure to flames. This crucial understanding
necessitates a fundamental shift towards comprehensive
smoke management strategies that extend beyond mere
fire suppression tactics.

The Indispensability of Smoke Ventilation

Both natural and mechanical smoke ventilation systems
are identified as absolutely crucial for maintaining clear
and unobstructed egress pathways and for facilitating
unimpeded access for fire brigade personnel by effectively
removing smoke and heat from within burning structures.
This critical action also plays a vital role in preserving the
structural integrity of the building and minimizing the
extent of property damage.

Autonomous Activation and Operational Sequence
Modern smoke ventilation systems are engineered for
autonomous activation immediately upon the detection
of smoke, with the primary objective of rapidly reducing
the density of smoke within a critical 20 to 30-minute
timeframe, thereby providing occupants with a window
of opportunity for safe evacuation prior to the arrival and
intervention of fire response teams.

The Multifarious Advantages of Smoke Control
The

measures, encompassing both active ventilation strategies

implementation of effective smoke control
and passive containment techniques, yields a multitude of
significant benefits, including the maintenance of smoke
free escape routes, the enhanced facilitation of firefighting
operations, the potential delay or even prevention of the
dangerous phenomenon of flashover, the protection
of the building’s interior contents from damage, and a
demonstrable reduction in the likelihood of structural

impairment.

The Zonal Paradigm for Smoke Management
Building design principles incorporate the strategic
division of the interior space into distinct smoke
zones, physically separated by fire resistant walls and
meticulously sealed penetrations, to effectively prevent the
uncontrolled spread of smoke from one area to another.
Each designated smoke zone is frequently equipped with
its own dedicated and independent ventilation system.

The Reliability of Mechanical Ventilation

Mechanical smoke ventilation systems, which utilize
robust fans specifically engineered to withstand high
temperatures and incorporate essential redundancy
measures, are deemed indispensable for ensuring
reliable and consistent smoke extraction capabilities.
Complementary makeup air systems are also crucial for
counteracting the development of negative pressure
within the building and ensuring the efficient and effective

removal of smoke laden ait.

The Integrated Functionality with Fire Alarm Systems
Smoke ventilation systems are typically designed for

seamless integration with the building’s overarching
fire alarm infrastructure, enabling a coordinated and
automated response upon fire detection. In the absence
of a comprehensive fire alarm system, standalone
automation can be achieved through the implementation
of direct digital controllers DDCs. Building Automation
Systems BAS offer the capability for comprehensive
monitoring of the operational status of all components
within the smoke ventilation system.

Specialized Considerations for Unique Architectural
Spaces

The design of smoke management systems for atrium
style buildings necessitates specialized smoke exhaust
mechanisms located at the roof level, coupled with
strategically positioned makeup air inlets at lower levels.
Similarly, basement level car parking facilities require
continuous mechanical ventilation for the effective
removal of vehicle exhaust gases, with the potential for
a dual purpose design utilizing smoke exhaust fans for
routine ventilation needs.

The Foundational Importance of Escape Planning

While comprehensive building wide fire evacuation plans
are often implemented, the development and regular
practice of specific evacuation plans tailored to individual
apartment units and private residences are equally
critical, emphasizing essential safety procedures such as
maintaining a low profile to avoid smoke inhalation and
cautiously checking doors for heat before opening them.

HVAC as the Core Enabling Technology

Heating Ventilation and Air Conditioning HVAC systems
represent the fundamental technological framework for
achieving both thermal comfort and acceptable indoor air
quality within buildings, with ventilation recognized as a
paramount factor in maintaining a healthy and breathable
indoor environment.

The Latent Potential for Enhanced Indoor Air
Quality

The inherent infrastructure of smoke ventilation systems,
including powerful fans, extensive duct networks, and
integrated filtration capabilities, can be strategically
leveraged during periods of normal building operation
to significantly enhance indoor air quality by facilitating
efficient air exchange, removing a wide range of airborne
pollutants, and improving overall air circulation patterns
within the building’s interior.

Discussion

The information synthesized herein strongly suggests
a fundamental evolution in the field of fire safety
engineering, transitioning from a primarily reactive
approach focused on fire suppression to a more
proactive and comprehensive strategy that places a
critical emphasis on the effective management of smoke
as a primary means of safeguarding human life during
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fire emergencies. The increasing reliance on automated
systems, the implementation of zonal containment
strategies, and the deployment of robust mechanical
ventilation technologies underscore the necessity for
sophisticated and technologically advanced solutions in
contemporary building design.

The seamless integration of smoke ventilation systems
with overarching fire alarm infrastructures highlights a
holistic and coordinated approach to emergency response
protocols, ensuring a synchronized activation of critical
safety measures upon the eatliest detection of a fire. The
specific design considerations for unique architectural
spaces such as atriums and subterranean car parks further
emphasize the crucial need for bespoke engineering
solutions that effectively address the distinct challenges
presented by diverse building layouts and occupancy types.
The discussion pertaining to individual home fire escape
plans serves as a vital reminder that proactive personal
preparedness and the regular practice of well defined
evacuation strategies are equally indispensable, particularly
within residential settings where comprehensive building
wide safety systems may not be uniformly implemented
or may not adequately address the specific egress
requirements of each individual dwelling unit.

Perhaps one of the most compelling and forward looking
aspects of this analysis is the growing recognition of
the potential for a synergistic relationship between the
infrastructure designed for emergency smoke mitigation
and the enhancement of everyday indoor air quality.
By strategically utilizing the powerful fans, extensive
ductwork, and integrated filtration technologies intended
for rapid smoke removal, buildings can also realize
significant benefits in terms of improved air exchange
rates, effective pollutant dilution, and enhanced overall
air circulation within the interior environment during
normal operational periods. This dual functionality not
only optimizes the economic and practical utility of
these critical systems but also contributes to the creation
of healthier and more comfortable indoor spaces,
aligning with increasing societal awareness and concern
regarding air quality and the overall well-being of building
occupants.

the
integrated, dual

However, successful implementation of such
purpose

meticulous and comprehensive consideration of all

systems necessitates a
relevant design parameters, including the appropriate
sizing of fans to meet both emergency smoke extraction
and routine ventilation demands, the optimization of
energy efficiency across different operational modes, the
effective management of potential noise generation at
varying fan speeds, and the absolute prevention of any
potential for cross contamination between the dedicated
smoke extraction pathways and the general ventilation
network. Furthermore, regulatory frameworks may
need to adapt and evolve to formally acknowledge and
potentially incentivize the adoption of these dual use
capabilities of smoke ventilation systems for the broader
benefit of enhanced indoor air quality.

In conclusion, the evidence presented robustly supports
the mandatory and thoughtfully engineered integration
of comprehensive smoke management systems into all
facets of building design, recognizing their paramount
importance in safeguarding human life during fire
the proactive
and intelligent implementation of the latent potential

emergencies. Moreover, exploration
for these critical systems to contribute to measurably
enhanced indoor environmental air quality represents a
significant and timely opportunity to create buildings that
are not only demonstrably safer in times of crisis but also
demonstrably healthier and more sustainable for their
occupants on a daily basis. Continued rigorous research,
innovative technological development, and adaptive
regulatory advancements in this vital area are crucial to
fully realize the multifaceted benefits that these integrated
systems can offer to the built environment and the well-
being of its inhabitants.

Future Research Directions For Boosting Indoor Air
Quality with Integrated Smoke Ventilation

This paper has shed light on how crucial smoke ventilation
systems are for keeping people safe during building fires.
It has also opened up the interesting possibility of using
these systems to improve the air we breathe indoors
every day. Based on what discussed in this paper, there
are several exciting paths for future research.

Fine-Tuning How These Dual-Purpose Systems Are
Designed and Work

* We need more in-depth studies looking at how much
energy these integrated systems use when they’re working
in both emergency and regular ventilation modes. The
goal should be to create smarter control methods and use
fan technology that can adjust its speed, saving energy
while still effectively moving air and extracting smoke.

* New and better ways to reduce noise from these
dual-purpose systems should be explored and created.
This could involve looking at different fan designs,
using sound-absorbing materials in the ductwork, and
developing intelligent ways to change fan speeds to keep
noise down during normal operation.

e It’s essential to really dig into how to prevent any
mixing of air between the dedicated smoke removal
pathways and the regular ventilation system. Developing
reliable safety features, like automatic dampers and ways
to monitor air pressure differences, will be key to ensuring
both systems work as they should.

* We also need to do thorough cost-benefit analyses.
This means comparing how much it costs to set up
and run integrated dual-purpose systems versus having
separate smoke ventilation and HVAC systems, and
weighing that against the long-term benefits, such as
healthier and more productive occupants.

Smarter Filters for Tackling Multiple Pollutants
* It would be great to explore how well advanced and
“smart” filtration technologies could be incorporated
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into smoke ventilation systems. This could involve using
sensors that constantly check air quality and automatically
adjust the filters to target specific pollutants like VOCs,
different sizes of particles, and allergens.

* Research into new kinds of hybrid filtration systems
that can efficiently get rid of both particles and gases,
without blocking airflow too much or using a lot of
energy, would be valuable. This might involve combining
things like electrostatic filters, activated carbon, and
photocatalytic oxidation.

* We should also look at ways to make the filters in
these dual-purpose systems last longer and develop smart
maintenance schedules based on real-time air quality data.
This would help reduce waste and make sure the filters
are always working effectively.

Getting These Systems to Work Better with Overall
Building Management

* Developing smart control programs that seamlessly
connect the operation of smoke ventilation systems with
other building systems — like HVAC, fire alarms, and
occupancy sensors — would be a big step forward. The aim
is to create systems that can adapt and change ventilation
rates based on how many people are in the building, what
pollutants are detected, and if there’s a fire.

e Exploring how we can use machine learning and
artificial intelligence to predict potential indoor air quality
problems based on past data, weather patterns, and
building schedules could be really useful. This would allow
us to proactively adjust the ventilation system to keep the
air quality optimal.

* Designing easy-to-understand interfaces that give
building occupants real-time information about their
indoor air quality and how the integrated ventilation system
is working could increase awareness and confidence in the
system’s effectiveness.

Looking at Real-World Examples and How They
Perform in Different Buildings

* We need to do detailed case studies of buildings that
have already installed these integrated dual-purpose smoke
ventilation systems in various settings — like homes, offices,
factories, and hospitals. These studies should track things
like actual energy use, air quality levels, how satisfied the
occupants are, and how reliable the systems are over time.

* Developing standard ways to measure and test how well
these dual-purpose systems perform in both emergency
and normal operation is important. This would help the
industry compare different systems and inform building
codes and regulations.

* More research is needed into how enhanced smoke
ventilation strategies can improve air quality in specific
high-risk places, such as garment factories (as mentioned
earlier), hospitals, and schools, where both fire safety and
healthy air are top priorities.

Understanding the Impact on People’s Health, Well-
being, and Productivity
* Long-term studies should be conducted to see how

better indoor air quality, achieved through these integrated
systems, affects people’s health, including things like
respiratory issues, allergies, and heart health.

* Investigating the link between improved indoor air
quality from these systems and people’s ability to think
clearly, concentrate, and be productive in workplaces and
schools would be valuable.

* Gathering feedback from people who use buildings

with these integrated systems about how comfortable they
feel, how satisfied they are with the air quality, and their
overall well-being is crucial.
By pursuing these research directions, we can truly unlock
the potential of smoke ventilation systems. They can
become more than just life-saving tools; they can be vital
parts of creating healthy and sustainable buildings that put
both safety and the well-being of the people inside first.
This collaborative effort, bringing together engineering
innovation with health and building science, will be key to
shaping a future with better indoor air for everyone.

CONCLUSION

Beyond their primary function of fire safety through
smoke extraction and evacuation facilitation, smoke
ventilation systems hold a significant, often untapped,
potential to improve routine indoor air quality. Strategic
design and intelligent operation can enable these systems
to enhance air circulation and effectively remove various
airborne contaminants detrimental to occupant health
and comfort. Modern building designs frequently
allow for the seamless integration of smoke ventilation
system components, such as high-capacity fans and
duct networks, with the building’s general ventilation
infrastructure. During normal occupancy, these powerful
fans, operating at lower speeds for energy efficiency, can
continuously exchange indoor air with cleaner outdoor
air. This process dilutes and removes internally generated
pollutants like volatile organic compounds (VOCs) from
building materials and furnishings, particulate matter,
and odors. The introduction of filtered fresh air via the
smoke ventilation framework contributes to a healthier
and more comfortable indoor environment.

The strategically planned placement of air intake and
exhaust points, crucial for rapid smoke removal during
fires, can also optimize natural airflow during normal
operation. Positioning intake vents lower and exhaust
vents higher leverages convective air movement, enhanced
by the ventilation system’s mechanical assistance. This
synergy promotes thorough air mixing, minimizing
stagnant zones where pollutants can accumulate.
Integrating advanced air filtration technologies within
smoke ventilation systems further enhances indoor air
quality. High-efficiency filters can capture fine particulate
matter, allergens, and even some gaseous pollutants at the
air intake, supplying significantly cleaner and healthier air,
especially beneficial in polluted urban environments.
Furthermore, the ability of smoke ventilation systems to
rapidly move large air volumes can be advantageous in
non-emergency situations. For instance, during intensive
cleaning, maintenance, or large gatherings that increase
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indoor pollution levels, the high-speed fan mode can
quickly flush out contaminants and restore healthy air
quality. However, the dual use of smoke ventilation
systems for normal air quality enhancement requires
careful consideration during the initial design phases.
Energy consumption in different modes, potential noise
generation, and preventing cross-contamination between
normal ventilation and smoke extraction pathways
must be meticulously evaluated. This ensures that both
life safety objectives and indoor air quality goals are
harmoniously achieved. With thorough planning and
informed engineering, smoke ventilation systems can
become a multifaceted asset, significantly contributing to
safer and healthier indoor environments for all occupants.
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