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ABSTRACT 

The growing trend for energy savings has resulted in tightening the building envelope, so the 

risk of contaminant accumulation and cross contamination is growing. Often, traditional mechanical 

ventilation systems that are installed in airtight buildings are not efficient in providing the proper 

amount of fresh air for individuals and do not protect them from cross contamination. Personal 

ventilation is an alternative to traditional ventilation systems as it provides fresh and purified air 

directly to the breathing zone. Not only does this method, in many cases, improve the thermal comfort 

of occupants, but also protects them from cross contamination from other occupants. In this study an 

air terminal device was tested to see if it would protect the occupant from cross contamination under 

changing conditions of the flow rate. Different velocities were simulated using the AnsysFluent CFD 

program, thanks to which the velocity around the occupants face was shown. The chosen velocities 

were 15 L/s, 10 L/s, 5L/s and 1L/s. The results showed that when the air flow was low, the personal 

ventilation system may not be  effective in protecting against cross contamination.  
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1.  INTRODUCTION 

 

The growing energy consumption rate of the building sector [1] has caused the need for 

energy savings, as it consumes almost 40% of the worldwide mainland energy [2]. Savings 

are done by, among other, tightening the building envelope to prevent heat loss through it. 

This contains the heat inside and makes it possible to use less energy for heating purposes. 
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What is more, according to European Union regulations, all new buildings built after 

31
st
 December 2020 must be nearly zero energy buildings and new public buildings must be 

nearly zero energy building from 31
st
 December 2018 [3]. Such buildings have zero net 

energy consumption, meaning that the total amount of energy used by the object should be 

equal to the amount of renewable energy created on the site on an annual basis [4]. Apart 

from being equipped with renewable sources of energy, the majority of buildings have a 

mechanical ventilation system and the uncontrolled airflow through the building envelope is 

limited to a minimum due to its air tightness. The need for energy savings and the growing 

trend for ecological buildings will influence the tightness of the building envelope making it 

more airtight which may be hazardous for human health.  

On the other hand, due to our work related lifestyle, we are spending more and more 

time indoors with the total amount of time spent indoors up to 86% [5]. This phenomenon 

combined with airtight building envelopes may lead to contaminant accumulation within 

buildings. Buildings with airtight structures are usually equipped with a mechanical 

ventilation system that should maintain proper indoor air quality. However, in many cases 

they do not fulfill their tasks properly, contributing to poor air quality that has an effect on the 

performance and productivity of occupants [6].  

Indoor air quality has an impact on human health and work abilities which has been 

shown in many publications [6-9]. The importance of proper ventilation methods to maintain 

proper indoor air quality is a growing concern, as current focus is aimed mainly at energy 

savings. New airtight buildings are often equipped with mixing ventilation systems or 

displacement ventilation systems. However, because each person has a different perception of 

thermal comfort and air quality, this type of ventilation may not provide proper indoor air 

quality. This type of ventilation does not protect occupants form cross contamination from 

other occupants or contamination that may occur if the ventilation system in equipped with a 

mixing chamber. Such chambers recirculate some of the discharged air back to the system for 

energy savings. This shows that these types of ventilation methods may not meet hygienic 

requirements. To meet individual needs for thermal comfort and good air quality, many 

researchers have proposed personal ventilation as an alternative to classic ventilation 

methods.  

Personal ventilation improves the quality of inhaled air and in many cases the perceived 

thermal comfort. However, due to its nature, it may cause drought around the occupants face 

leading to discomfort. A series of CFD (Computer Fluid Dynamics) simulations where 

conducted in this study to determine if a personal ventilation system can protect an occupant 

from cross contamination at different flow rates.  

 

 

2.  PERSONAL VENTILATION 

 

Personal ventilation is a type of ventilation system that provides fresh and clean air 

directly to the occupants breathing zone [10]. This is done to adapt the thermal conditions to 

the individual needs of occupants. What is more, such ventilation systems prevent cross 

contamination between occupants as they supply entirely fresh air directly to the face of the 

occupant. The stream form the system creates a boundary around the breathing zone. A lot of 

studies have proved that personal ventilation provides better indoor air quality and thermal 

comfort.  
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Taheri et al. [11] conducted a field study concerning indoor conditions in an office 

space equipped with a displacement ventilation as well as personal ventilation systems. The 

results suggest that the combined operation of the above mentioned systems provides in 

general acceptable indoor environmental conditions. Lipczynska et al. [12] also conducted a 

study in an office space, where personal ventilation was used in combination with a chilled 

ceiling and mixing ventilation. The results showed that the personal ventilation system 

improved thermal conditions and was up to nearly 10 times more efficient in delivering clean 

air at workstations than mixing ventilation systems, which resulted in strong protection of 

occupants from cross-infection. Bolashikov et al. [13] also studied the effect of personal 

ventilation in a workspace using a thermal mannequin. The study showed that thanks to the 

personal ventilation system, the air velocity around the face increased and more clean air was 

inhaled.  

Bogdan et al. [14] presented a study examining the influence of the breathing process on 

the perception of the thermal environment during the use of a personal ventilation system and 

a thermal mannequin. The results showed that the breathing air jets have the potential to 

influence the users' thermal sensation. Dalewski et al. [15] preformed a study on the influence 

of ductless personalized ventilation in conjunction with displacement ventilation and 

compared it with displacement ventilation alone and mixing ventilation using live subjects. 

The results showed that the percentage dissatisfied with air movement decreased with the 

personal ventilation system. Melikov et al. [16] studied the effect of personal ventilation on 

people’s health, comfort, and performance in a warm and humid environment using human 

subjects. The results showed that using personal ventilation significantly improved the 

perceived air quality and thermal sensation as well as decreased the intensity of Sick Building 

Syndrome symptoms to those prevailing in a comfortable room environment without personal 

ventilation. 

These examples show that personal ventilation is optimal for providing better indoor air 

quality, especially in office environments. It improves the thermal comfort of occupants and 

the perceived air quality. This is why it was decided to continue research on this topic.  

 

 

3.  METHODS 

 

The aim of the study was to conduct a CDF simulation of a personal ventilation system 

and to see how the velocity of fresh air changed around the human subject when the inlet air 

flow changed.  

Many authors in their studies measure only one inlet velocity of the personal ventilation 

air. Others claim that occupants can regulate the venation system in certain ranges. However, 

few measure how the change of ventilation velocity and flow rate influences the effectiveness 

of the personal ventilation system.  

To determine if a personal ventilation system works properly regardless of the flow rate 

through the ventilation system, a series of CFD simulations were carried out. The air flow 

terminal device was based on the one used by [16] and [17]. It is a round air unit of the 

diameter of 180 mm with a series of 5 mm holes, thorough which, fresh air was supplied. The 

setup of the simulation is shown in Figure 1 in which the occupant and air terminal device are 

displayed. The air device was placed at a distance of 70 cm, in front of the face of the test 

mannequin. This distance was established to simulate the length of a work desk. The air flow 
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rate was moderated from 15 L/s to 1 L/s to see how the velocity changed around the face of 

the occupant.  

 

 
 

Figure 1. Layout of the test objects in the Ansys modeler. A: view of the upper body of  

the sitting occupant, B: air terminal device (air inlet) 

  

 

The simulation program used to do the project was AnsysFluent; a CFD program that 

has the capability needed to model airflows, turbulences and contaminant distribution in 

complex geometries [18]. The simulation was done using the standard k-ε turbulence model.  

The program has been used for studding personal ventilation methods by, among others, 

Makhoul et al [19] to reflect the conditions within a room equipped with an integrated ceiling 

diffuser and personalized ventilator coaxial. Liu et al. [20] used the program in similar 

simulations. They conducted a study on the performance of different personal ventilation 

nods. Many other authors have used the program for airflow simulations when considering the 

indoor air quality [20-23], which is why the program was chosen to conduct the simulations in 

this study.  

 

 

4.  RESULTS 

4. 1. Maximum flow rate 

The first simulation was conducted for the velocity of 15 L/s of air that flew through the 

air terminal device. The results are shown in Figure 2. The results show that the velocity near 

the air terminal device is quite high. The velocity near the face of the occupant is significantly 

lower, however is still quite high and may cause drought near the face.  

A B 
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Figure 2. Maximum flow rate through the personal ventilation system. 

 

The velocity near the occupant lowers to 0.8 m/s which is higher than the velocity 

recommended to maintain thermal comfort (0.2 -0.3 m/s). This may cause discomfort for the 

occupant and the feeling of drought. However, the higher velocity may be more efficient in 

preventing cross contamination from other occupants and protect the occupant from harmful 

microelements.  

 

 

4. 2. Medium flow rate 

The medium follow rate was set to 10 L/s. The results of this flow rate are shown in 

Figure 3. It shows that the velocity around the occupant face is lower than in the first case. 

The velocity lowered to around 0.4 m/s near the occupants face. The velocity is still higher 

than the  velocity recommended for thermal comfort but research has shown that slightly 

increased velocity around the face may be preferred by occupants as it improves improve the 

perceived air quality [15].  
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Figure 3. Medium flow rate through the personal ventilation system. 

 

 

4. 3. Minimum flow rate 

The minimal flow rate was assumed to be 5 L/s. The results of this simulation are 

shown in Figure 4, in which the velocity vectors are shown. The figure presents that the 

velocity round the occupant is significantly lower than the first two cases. This may be a flaw 

in the design of personal ventilation systems which are often tested in one or two cases of 

flow rates. The air velocity in this case may be too low to protect the occupant from cross 

contamination. This may be an issue in such cases where the personal ventilation system can 

be controlled by the occupant to provide individual ventilation. Such cases were done by, 

among others, Taheri et al [11] were the occupant could control the flow rate to provide 

individual comfort for each individual.  

Because of this, an additional simulation was conducted with the mass flow from the 

ventilation system lowered to 1 L/s. The results are shown in figure 5. This figure shows that 

the air velocity is very low and practically has no effect on the occupant. This means that the 

occupant has no protection from cross contamination as the air slows down before it reaches 

the occupants face.  
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Figure 4. Minimum flow rate through the personal ventilation system. 

 

 
 

Figure 5. flow rate through the personal ventilation system equal to 1L/s. 
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5.  CONCLUSIONS 

 

The aim of the study was to determine the effectiveness of a personal ventilation system 

with different flow rates using a computer simulation program. This was done to determine, if 

the system could provide protection of the occupant from cross contamination.  

Because of the growing trend for energy savings resulting in tightening the building 

envelope, the risk of contaminant accumulation and cross contamination is growing. Often, 

traditional mechanical ventilation systems that are installed in airtight buildings are not 

efficient in providing the proper amount of fresh air for individuals and do not protect them 

from cross contamination.  

Personal ventilation is an alternative to traditional ventilation systems as it provides 

fresh and purified air directly to the breathing zone. Not only does this method in many cases 

improves the thermal comfort of occupants, but also protects them from cross contamination 

from other occupants.  

In this paper an air terminal device was numerically tested to see if it would protect the 

occupant from cross contamination under changing conditions of the flow rate. Different 

velocities were simulated using the AnsysFluent CFD program, thanks to which the velocity 

around the occupants face was shown.  

The results of the research showed that when the flow rate was high, it could cause high 

velocity around the face of the occupant. As the flow rate lowered, so did the velocity around 

the occupants face, meaning that the protection from cross contamination could be lower. The 

high velocity around the face that was received from the study has, in previous research, 

shown to not cause irritation for occupants in the majority of cases. However, the low velocity 

level when the flow rate is low causes the system to fail in its purpose of protection from 

contaminants. Future research on this subject should focus of new air terminal devices that 

maintain the same velocity around the occupant in spite of the changing flow rate. Such 

systems combined with the individual control of occupants could provide individual thermal 

comfort and protect from cross contamination.  
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