
        Corresponding Author: imoh.ekanem@akwaibompoly.edu.ng 
  10 https://doi.org/10.22105/opt.vi.58 

Licensee System Analytics. This  article is an open access article distributed under the terms and conditions of the Creative 

Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0). 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1|Introduction    

Mechanical Ventilation Systems (MVSs) are designed to provide a controlled flow of fresh air into a space 

while removing stale air and pollutants, ensuring a healthy and comfortable indoor environment for occupants 

[1].  
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Abstract 

Mechanical Ventilation Systems (MVSs) are essential for preserving indoor air quality and thermal comfort in 

structures. The insufficient awareness of the underlying principles of MVSs in traditional engineering procedures has 

resulted in inefficient design and operation of these systems. This has led to subpar indoor air quality, discomfort, 

and energy inefficiency in structures. This study examined the fundamental principles of MVSs and their 

implementation in engineering techniques. The methodology comprised a thorough examination of the available 

literature regarding MVSs and the fundamental principles that dictate their design and operation. This included 

technical reports, relevant datasets, and industry standards regarding ventilation system design and installation. The 

research included the examination of structures equipped with MVSs to evaluate their effectiveness in real-world 

situations. The results of this study indicated that although traditional engineering procedures establish a robust basis 

for the design and installation of MVSs, numerous areas require enhancement. A significant result is that the design 

and installation of ventilation systems frequently neglect the individual requirements and usage patterns of building 

occupants. This may result in inadequate ventilation rates and inadequate indoor air quality. Furthermore, the 

maintenance and operation of ventilation systems are frequently neglected, resulting in diminished system efficiency 

and heightened energy usage. The research also indicated that the implementation of sophisticated technologies, 

including smart ventilation controls and energy recovery systems, can provide optimal solutions to enhance the 

performance of MVSs. The engineering community must prioritize established standards and training in MVSs to 

guarantee sustainable and healthy indoor environments.  
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  These systems help to regulate indoor air quality, control humidity levels, and prevent the build-up of 

pollutants. Fundamental principles of MVSs play a crucial role in conventional engineering practice, 

particularly in the design and operation of buildings and industrial facilities. MVSs also help to reduce the risk 

of indoor air pollution, which can lead to respiratory problems and other health issues [2]. Some of the 

fundamental principles of MVSs are highlighted as follows: 

I. The concept of air exchange: air exchange refers to the process of replacing stale indoor air with fresh 

outdoor air to maintain indoor air quality. This is achieved through the use of fans and ductwork to circulate 

air throughout a building, ensuring that pollutants and contaminants are effectively removed. Proper air 

exchange rates are essential to prevent the buildup of harmful gases, odors, and particulate matter in indoor 

spaces [3], [4]. 

II. The concept of ventilation efficiency: ventilation efficiency refers to the ability of a ventilation system to 

effectively distribute fresh air throughout a space while minimizing energy consumption. This can be 

achieved through the use of energy-efficient fans, ductwork design, and control systems that optimize airflow 

based on occupancy levels and indoor air quality measurements. By maximizing ventilation efficiency, 

engineers can ensure that buildings are adequately ventilated while minimizing energy costs and 

environmental impact [5]. 

III. The concept of air distribution and filtration: proper air distribution involves the strategic placement of 

supply and return air vents to ensure even airflow throughout a space, while air filtration involves the use of 

filters to remove airborne particles and contaminants. These concepts are essential for maintaining indoor 

air quality and preventing the spread of pollutants and allergens within a building [6]. 

The fundamental principles of MVSs are essential for ensuring the health, comfort, and safety of building 

occupants. By understanding and applying these principles in conventional engineering practice, engineers 

can design and operate ventilation systems that effectively control indoor air quality while minimizing energy 

consumption. As the importance of indoor air quality continues to grow, engineers must prioritize the 

principles of MVSs in their design and operation practices. 

2|Trends in Principles of Mechanical Ventilation Systems 

Recent trends in the principles of MVSs in conventional engineering practice have experienced a shift towards 

more energy-efficient and sustainable solutions. With the increasing focus on environmental sustainability 

and energy conservation, advanced technologies and innovative design strategies are being incorporated to 

optimize the performance of ventilation systems [7]. Some of the key recent trends in MVSs are: 

I. The integration of smart controls and automation: by utilizing sensors and advanced control algorithms, 

engineers are able to dynamically adjust ventilation rates based on real-time occupancy levels and indoor air 

quality parameters. This not only ensures optimal ventilation performance but also helps reduce energy 

consumption by avoiding over-ventilation in unoccupied spaces [8]. 

II. The use of energy recovery technologies: heat exchangers and heat recovery ventilators are being increasingly 

incorporated into ventilation systems to capture and reuse the energy from exhaust air streams. This not only 

helps reduce the overall energy consumption of the building but also improves indoor air quality by pre-

conditioning the incoming fresh air [9], [10]. 

III. The growing emphasis on the integration of natural ventilation strategies in MVSs: by incorporating operable 

windows, louvers, and other passive ventilation elements, engineers are able to enhance the overall ventilation 

performance of the building while reducing the reliance on mechanical systems. This not only helps reduce 

energy consumption but also provides occupants with a more comfortable and healthy indoor environment 

[11]. 

By incorporating smart controls, energy recovery technologies, and natural ventilation strategies, engineers 

are able to optimize the performance of ventilation systems while reducing the environmental impact of 
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  buildings. As the industry continues to evolve, manufacturers need to stay abreast of these trends and 

incorporate them into their design practices to create more efficient and sustainable buildings. 

3|Technological Advancements in Mechanical Ventilation Systems 

Technological advancements have played a crucial role in the development of MVSs in conventional 

engineering practice. These systems have undergone significant improvements over the years, leading to more 

efficient and reliable ventilation solutions for various applications. The key milestones in the evolution of 

MVSs are: 

I. The introduction of computerized control systems: these systems allow for precise control of ventilation 

parameters such as airflow rate, temperature, and humidity, leading to improved comfort and energy efficiency. 

Computerized control systems also enable remote monitoring and diagnostics, making it easier to identify and 

address issues with the ventilation system [12]. 

II. The development of energy-efficient ventilation technologies: advances in fan design, motor efficiency, and 

airflow optimization have led to significant reductions in energy consumption while maintaining or even 

improving ventilation performance. Energy-efficient ventilation systems not only help reduce operating costs 

but also contribute to sustainability efforts by lowering carbon emissions [13]. 

III. The integration of smart sensors and Internet of Things (IoTs) technology: these sensors can monitor indoor 

air quality in real time and adjust ventilation parameters accordingly to ensure optimal air quality and comfort. 

IoTs technology also enables predictive maintenance, allowing for timely repairs and replacements to prevent 

system failures and downtime [14], [15]. 

Technological advancements have been key drivers in the evolution of MVSs in conventional engineering 

practice. Computerized control systems, energy-efficient technologies, and smart sensors have all contributed 

to the development of more efficient and reliable ventilation solutions. As technology continues to advance, 

we can expect further improvements in MVSs, leading to even greater comfort, energy efficiency, and 

sustainability in buildings and other applications. 

4|Principles of Mechanical Ventilation Systems 

MVSs play a crucial role in maintaining indoor air quality and comfort in buildings. These systems work by 

using fans to circulate air throughout a space, either by bringing in fresh outdoor air or by recirculating and 

filtering indoor air. In conventional engineering practice, several key principles govern the operation of MVSs. 

Some of the fundamental principles of MVSs are highlighted below: 

I. The concept of air exchange: this refers to the process of replacing stale indoor air with fresh outdoor air to 

maintain a healthy and comfortable indoor environment. By continuously circulating air, MVSs help to 

remove pollutants, odors and excess moisture from the air, improving overall air quality [16]. 

II. The control of airflow: the amount of air that is circulated through space is typically controlled by adjusting 

the speed of the fans or dampers in the system. By carefully regulating airflow, MVSs can ensure that indoor 

air quality is maintained at optimal levels while also minimizing energy consumption [17]. 

III. MVSs also rely on filtration to remove contaminants from the air: filters are typically installed in ventilation 

systems to capture dust, pollen, and other particles that can affect indoor air quality. By regularly replacing or 

cleaning filters, MVSs can effectively remove pollutants and allergens from the air, creating a healthier indoor 

environment [18]. 

The operation of MVSs in conventional engineering practice is based on the principles of air exchange, airflow 

control, and filtration. By following these principles, MVSs can effectively maintain indoor air quality and 

comfort in buildings. As such, engineers and building owners need to understand and implement these 

principles in order to ensure the proper functioning of MVSs. 
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  5|Components of Mechanical Ventilation Systems 

MVSs are essential components in buildings to ensure proper air circulation and maintain indoor air quality. 

These systems consist of the following components, which work together to provide a comfortable and 

healthy environment for occupants. 

I. The fan: the fan is responsible for drawing in fresh air from the outside and distributing it throughout the 

building. It plays a crucial role in ensuring proper air circulation and preventing the build-up of stale air and 

pollutants. Without a functioning fan, the ventilation system would not be able to effectively remove indoor 

air contaminants and maintain a healthy indoor environment [19]. 

II. The air filter: air filters are designed to capture dust, pollen, and other airborne particles that can affect indoor 

air quality. By trapping these contaminants, air filters help to improve the overall air quality in the building 

and protect occupants from respiratory issues. Regular maintenance and replacement of air filters are essential 

to ensure the effectiveness of the ventilation system [20]. 

III. Ductwork: Ductwork is responsible for distributing the conditioned air throughout the building and removing 

stale air. Properly designed and installed ductwork is crucial for ensuring efficient air distribution and 

maintaining consistent indoor air quality. Leaks or blockages in the ductwork can lead to poor ventilation and 

compromised indoor air quality [21]. 

IV. The control system: this is a critical component of a MVS. The control system regulates the operation of the 

ventilation system based on factors such as indoor air quality, occupancy levels, and outdoor air conditions. 

By adjusting the ventilation rate and airflow, the control system helps to optimize energy efficiency and 

maintain a comfortable indoor environment. Advanced control systems can also provide real-time monitoring 

and feedback to ensure optimal performance of the ventilation system [22]. 

MVSs consist of various components that work together to provide a healthy and comfortable indoor 

environment. The fan, air filter, ductwork, and control system are all essential components that play a crucial 

role in ensuring proper air circulation and maintaining indoor air quality. Regular maintenance and proper 

operation of these components are essential to ensure the effectiveness of the ventilation system. By 

understanding the highlights of these components, building owners and facility managers can make informed 

decisions to improve indoor air quality and occupant comfort. 

6|Design Considerations for Mechanical Ventilation Systems 

In conventional engineering practice, the design of MVSs requires careful consideration of various factors to 

ensure optimal performance and energy efficiency. These include the following: 

I. Determine the ventilation requirements of the building: this involves calculating the required air exchange 

rate based on factors such as the size of the space, the number of occupants, and the activities taking place in 

the building. It is important to ensure that the ventilation system is capable of providing adequate fresh air to 

maintain indoor air quality and prevent the build-up of pollutants [23], [24]. 

II. Select the appropriate type of ventilation system for the building: there are several types of MVSs available, 

including exhaust ventilation, supply ventilation, and balanced ventilation. The choice of system will depend 

on factors such as the building layout, the climate, and the desired level of control over indoor air quality [25]. 

III. Design the layout of the system: this involves determining the location of air intake and exhaust vents, as well 

as the routing of ductwork to ensure efficient air distribution throughout the building. It is important to 

consider factors such as the pressure drop in the ductwork, the noise levels of the system, and the accessibility 

for maintenance and repairs [26].  

IV. Selection of appropriate equipment: this includes choosing the right size and type of fans, filters, and controls 

to ensure optimal performance and energy efficiency. It is important to consider factors such as fan efficiency, 

filter efficiency, and the control strategy to minimize energy consumption while maintaining indoor air quality 

[27]. 
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  V. Provisions for monitoring and maintenance: this involves installing sensors to monitor indoor air quality and 

system performance, as well as implementing a regular maintenance schedule to ensure the system operates 

efficiently and effectively. It is important to conduct regular inspections and testing of the system to identify 

and address any issues before they become major problems [28]. 

The design of MVSs in conventional engineering practice requires careful consideration of various factors to 

ensure optimal performance and energy efficiency. By following the aforementioned approach to design 

considerations, engineers can create ventilation systems that provide adequate fresh air, maintain indoor air 

quality, and ensure the comfort of building occupants. 

7|Design Factors that Affect the Performance of Mechanical 

Ventilation Systems 

MVSs play a crucial role in maintaining indoor air quality and thermal comfort in buildings. The performance 

and effectiveness of these systems are influenced by a variety of design factors that must be carefully 

considered during the planning and implementation stages. In conventional engineering practice, the 

following list of design factors can significantly impact the overall performance of MVSs: 

I. System capacity: the first step in designing a MVS is to determine the required capacity based on the size 

and occupancy of the building. Oversized systems can lead to energy wastage, while undersized systems 

may not provide adequate ventilation [29]. 

II. Air distribution: proper air distribution is essential for ensuring that fresh air is effectively delivered to all 

areas of the building. Factors such as duct layout, diffuser placement, and airflow patterns must be carefully 

considered to prevent stagnant zones and ensure uniform ventilation [30]. 

III. Filtration: the quality of indoor air is heavily dependent on the effectiveness of filtration in the ventilation 

system. High-efficiency filters can help remove pollutants and allergens, improving air quality and occupant 

health [31]. 

IV. Energy efficiency: designing energy-efficient ventilation systems is crucial for reducing operational costs 

and environmental impact. Factors such as fan selection, duct insulation, and control strategies can all 

contribute to improving energy efficiency [32]. 

V. Noise control: MVSs can generate noise that may impact occupant comfort and productivity. Proper design 

considerations, such as selecting quiet equipment and incorporating sound attenuation measures, can help 

minimize noise levels [33]. 

VI. Maintenance accessibility: easy access for maintenance and servicing is essential for ensuring the long-term 

performance and reliability of ventilation systems. Designing systems with accessible components and clear 

service pathways can facilitate routine maintenance tasks [34]. 

VII. Integration with building controls: integration with building automation systems allows for better control 

and monitoring of ventilation systems. Designing systems that can communicate with other building 

systems can optimize performance and energy efficiency [35]. 

VIII. Outdoor air quality: the quality of outdoor air intake can significantly impact the effectiveness of MVSs. 

Design considerations, such as locating intake vents away from sources of pollution and incorporating 

filtration, can help ensure the delivery of clean outdoor air [36]. 

The performance and effectiveness of MVSs in conventional engineering practice are influenced by a range 

of design factors that must be carefully considered. By following the aforementioned list of design factors, 

engineers can optimize the performance, energy efficiency, and indoor air quality of MVSs in buildings. 
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  8|Types of Mechanical Ventilation Systems in Conventional 

Engineering Practice 

Several different types of MVSs are commonly used in the field, each with its own unique characteristics and 

advantages. These are highlighted as follows: 

I. Exhaust ventilation system: as shown in Fig. 1, this type of ventilation system works by removing stale air from 

a building and replacing it with fresh outdoor air. Exhaust fans are typically installed in key areas such as 

bathrooms, kitchens, and laundry rooms to remove moisture, odor and pollutants [37]. 

 

Fig. 1. Exhaust ventilation system [38]. 

II. Supply ventilation system: In contrast to exhaust ventilation systems, supply ventilation systems work by 

bringing fresh outdoor air into a building while simultaneously exhausting stale indoor air, as shown in Fig. 

2. This type of system is often used in buildings with tight envelopes to ensure adequate ventilation and 

indoor air quality [39]. 

 

 

Fig. 2. Supply ventilation system [40]. 
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  III. Balanced ventilation system: as shown in Fig. 3, balanced ventilation systems combine elements of both 

exhaust and supply ventilation systems to provide a balanced flow of air into and out of a building. This type 

of system is designed to maintain a neutral pressure within the building, preventing the infiltration of outdoor 

pollutants and contaminants [41]. 

 

Fig. 3. Balanced ventilation system [42]. 

IV. Heat recovery ventilation system: Heat recovery ventilation systems, as shown in Fig. 4, are designed to 

recover heat from outgoing air and transfer it to incoming air, reducing energy consumption and improving 

indoor comfort. These systems are particularly effective in cold climates where heating costs are a concern 

[43]. 

 

 

 

 

 

 

 

 

 

Fig. 4. Heat recovery ventilation system [44]. 

V. Energy recovery ventilation system: similar to heat recovery ventilation systems, energy recovery ventilation 

systems are designed to recover both heat and moisture from outgoing air and transfer it to incoming air, as 

shown in Fig. 5. This helps to maintain a comfortable indoor environment while reducing energy costs [45]. 
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Fig. 5. Energy recovery ventilation system [46]. 

VI. Demand-controlled ventilation system: demand-controlled ventilation systems use sensors to monitor indoor 

air quality and adjust ventilation rates accordingly. This type of system is highly efficient and can help to 

reduce energy consumption by only ventilating when necessary [47]. 

VII. Natural ventilation system: natural ventilation systems rely on passive means such as windows, vents, and 

louvers to provide fresh air and remove stale air from a building. This type of system is cost-effective and 

environmentally friendly but may not be suitable for all climates or building types [48]. 

Several different types of MVSs are commonly used in conventional engineering practice, and the choice of 

system depends on factors such as building size, climate, and energy efficiency goals. By understanding the 

various types of MVSs available, engineers can design and implement effective ventilation solutions to ensure 

optimal indoor air quality and occupant comfort. 

9|Applications of Mechanical Ventilation Systems in Conventional 

Engineering Practice 

MVSs are widely used in various engineering practices to provide fresh air, control indoor air quality, and 

maintain comfortable indoor environments. These systems are essential in a wide range of applications, from 

residential buildings to industrial facilities. Their applications include the following: Some of the primary 

applications of MVSs are: 

I. Heating, Ventilation and Air Conditioning (HVAS) systems for residential and commercial buildings: These 

systems help to regulate indoor air temperature, humidity, and air quality, providing a comfortable and 

healthy indoor environment for occupants. MVSs are also used in industrial facilities to control air quality, 

remove contaminants, and maintain safe working conditions for employees [49]. 

II. Automotive industry: MVSs are used in vehicle cabins to provide fresh air and control temperature and 

humidity levels. These systems help to ensure the comfort and safety of passengers and drivers, especially in 

extreme weather conditions [50], [51]. 

III. Aerospace industry: MVSs are essential for maintaining air quality and pressure in aircraft cabins. These 

systems help to provide a comfortable and safe environment for passengers and crew members during 

flights [52], [53].  

IV. Healthcare sector: MVSs are used in hospitals and medical facilities to control air quality, remove 

contaminants, and prevent the spread of infectious diseases. These systems are crucial for maintaining a 

sterile environment and protecting the health of patients and healthcare workers [54]. 

V. Manufacturing industry: MVSs are used in production facilities to control air quality, remove pollutants, and 

maintain safe working conditions for employees. These systems help to prevent exposure to harmful 

chemicals and contaminants, ensuring the health and safety of workers [55]. 
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  Another important application of MVSs is in industrial facilities, where they are used to control airflow and 

temperature in manufacturing processes. These systems are essential for maintaining optimal conditions for 

equipment and processes, as well as for ensuring the safety and comfort of workers. MVSs play a crucial role 

in various engineering practices, providing fresh air, controlling indoor air quality, and maintaining 

comfortable indoor environments [56]. From residential buildings to industrial facilities, these systems are 

essential for ensuring the health, safety, and comfort of occupants. 

10|Advantages of Mechanical Ventilation Systems 

There are several key advantages to using MVSs, which make them an essential component in modern 

building design. These include the following: 

I. Their ability to provide consistent and reliable air circulation throughout a building: This helps to maintain a 

comfortable and healthy indoor environment for occupants by ensuring that fresh air is constantly being 

brought in and stale air is being removed. This is especially important in buildings that are tightly sealed for 

energy efficiency, as natural ventilation may not be sufficient to provide adequate air exchange [57]. 

II. Their ability to remove pollutants and contaminants from the indoor air: This is particularly important in 

buildings where there are sources of indoor air pollution, such as cooking fumes, cleaning chemicals, or off-

gassing from building materials. By continuously circulating and filtering the air, MVSs can help to improve 

indoor air quality and create a healthier living or working environment [58]. 

III. MVSs can also help to regulate indoor humidity levels. This is important for maintaining a comfortable and 

healthy indoor environment. High humidity levels can promote the growth of mold and mildew, while low 

humidity levels can cause discomfort and respiratory issues. By controlling the amount of moisture in the air, 

MVSs can help to prevent these problems and create a more pleasant indoor environment [59]. 

MVSs offer a range of benefits in conventional engineering practice, including improved air circulation, 

removal of pollutants, and regulation of indoor humidity levels. They can help to remove contaminants and 

fumes from industrial spaces, as well as to regulate temperature and humidity levels. In addition, these systems 

can help to prevent the build-up of harmful gases and vapors, reducing the risk of fire and explosion. These 

advantages make them an essential component in modern building design, helping to create a comfortable, 

healthy, and efficient indoor environment for occupants. 

11|Disadvantages of Mechanical Ventilation Systems 

Despite their widespread use, MVSs come with the following key disadvantages that must be considered: 

I. Their high energy consumption: These systems require electricity to operate, leading to increased energy bills 

and a higher carbon footprint. In a world where sustainability and energy efficiency are becoming increasingly 

important, the high energy consumption of MVSs is a significant concern [60], [61]. 

II. Their reliance on mechanical components, which can be prone to failure: Regular maintenance and repairs 

are necessary to ensure that these systems continue to function properly, adding to the overall cost of 

ownership. Additionally, MVSs can be noisy, creating a disruptive environment for building occupants [62]. 

III. MVSs may not always be the most effective solution for improving indoor air quality: These systems simply 

circulate air within a building rather than actively removing pollutants and contaminants. As a result, indoor 

air quality may not be as high as desired, leading to potential health risks for occupants [63]. 

From high energy consumption and maintenance requirements to potential health risks for occupants, these 

systems may not always be the best choice for achieving optimal indoor air quality. As the field of engineering 

continues to evolve, it is important to consider alternative solutions that may offer more sustainable and 

effective ways to address indoor air quality concerns. 
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  12|Conclusion  

The findings of this study on MVSs in conventional engineering practice have shed light on the importance 

of proper design and maintenance of these systems. Mechanical ventilation plays a crucial role in ensuring 

indoor air quality and occupant comfort in buildings. The study has highlighted the need for engineers to 

consider factors such as ventilation rates, air distribution, and filtration when designing MVSs. It is essential 

to strike a balance between energy efficiency and indoor air quality to create a healthy and comfortable indoor 

environment. The study has also emphasized the significance of regular maintenance and monitoring of MVSs 

to ensure optimal performance. Neglecting maintenance can lead to issues such as poor indoor air quality, 

increased energy consumption, and potential health risks for building occupants. By following these 

guidelines, engineers can contribute to creating healthier and more sustainable indoor environments for 

building occupants. Based on the findings from this study, the following recommendations are suggested to 

improve the design and operation of MVSs: 

I. Undersized ventilation systems can lead to poor indoor air quality and discomfort for occupants. Therefore, 

it is important to conduct thorough calculations and assessments to determine the appropriate ventilation 

rates for different spaces within a building. Hence, it is recommended that the ventilation system be properly 

sized based on the occupancy and use of the building. 

II. The importance of cleaning filters, inspecting ductwork and checking for any obstructions or leaks in the 

system cannot be overemphasized. Neglecting the maintenance approach can lead to reduced efficiency, 

increased energy consumption, and potential health risks for occupants. Therefore, regular maintenance and 

servicing of ventilation systems are essential to ensure optimal performance. 

III. Incorporating features such as variable speed drives, heat recovery systems and demand-controlled 

ventilation can significantly improve the energy performance of MVSs. Therefore, the use of energy-efficient 

ventilation systems should be considered to reduce energy consumption and operating costs. 

IV. The impact of poor indoor air quality on occupant health, productivity and overall well-being can be 

disastrous. Therefore, it is crucial to implement strategies such as using high-efficiency filters, controlling 

humidity levels, and minimizing the introduction of outdoor pollutants into the building. 

By following these recommendations, engineers and building owners can ensure that ventilation systems 

perform effectively and contribute to a healthy and comfortable indoor environment for occupants. 
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