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Abstract 

This paper discusses the results of research conducted with the Ansys Fluent 
programme on the air flow through natural ventilation supply and exhaust ducts 
of rooms located on the ground and upper floor of a building. A scenario with air 
inflow to a room through an air intake located on the basement floor level was 
selected for the tests. All simulations were performed for outdoor temperatures 
of +3,+12, and -15°C (simulations run for an outdoor air temperature of +12°C 
are discussed in detail). The temperature inside the room is +20°C, i.e. at the 
minimum temperature level for thermal comfort. The simulations address such 
issues as the pressure system inside the room and in the exhaust duct, the 
distribution of air temperature in the room and the vector direction of airflow 
through the supply and exhaust ducts.
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1. Introduction

Natural ventilation is the process of air exchanging as a result of pressure differences. 
It continuously takes place through ventilation ducts. It is the most commonly 
used method of providing room ventilation and is both old and well proven. Design 
errors result in the lack of effective operation of gravity ventilation, one of the most 
common errors being the selection of an exhaust duct with an inappropriate cross 
sectional area in relation to its height. The standard requirements concerning the 
need to ensure an adequate air exchange rate or airflow rate measured in m3/s are 
repeatedly ignored. As a result of such negligence, there are disparate ventilation 
effects in rooms located on different floors. 

Currently conducted construction works consisting of the thermal 
modernisation of buildings result in limiting the inflow of an appropriate 
airstream to rooms. This is the cause of problems relating to malfunctioning 
natural ventilation that operates periodically and with variable performance 
(Gładyszewska-Fiedoruk, Zhelykh, Pushchinskyi, 2019). The majority of existing 
residential buildings in Poland are built on the basis of a  natural ventilation 
system. The PN-83/B-03430 requirements state that new buildings up to nine 
floors in height can also be equipped with a natural ventilation system. How then 
can systems for such height-differentiated residential buildings be designed 
correctly? (Gasiński, 2019; Geetha,  Velraj, 2012). The author hopes that the 
presented idea will help to minimise problems relating to the proper functioning 
of natural ventilation, which is responsible for the health and well-being of 
people in the building, as well as for obtaining good microclimatic parameters, 
e.g. humidity, temperature and proper negative air ionisation (Jędrzejewska-
Ścibak, 1996; OMI, 2002; Gaczoł, 2018a). The appropriate technical condition 
of the envelope and other elements enable the avoidance of dampness and 
mould formation; these are other effects of a well-functioning natural ventilation 
system (Jędrzejewska-Ścibak, Sowa, Zawada, 1992; Jędrzejewska-Ścibak, 
Sowa, 2000); the proposed solution can be widely used in our country to achieve 
these objectives. The solution does not require large financial outlay or the use 
of complex and expensive ventilation equipment.

1.1. Operating principle

A room located on the low floor of the building is considered as the first case. 
It is usually equipped with a  long natural ventilation duct that runs vertically 
through the whole height of the building. Negative pressure occurs in the room 
and this phenomenon is intensified when the airflow is limited. This happens 
because the air that fills the air space of the room is continuously sucked in 
and out through a high-exhaust natural ventilation duct. Whether the outdoor air 
mass is brought from the air intake to the ventilated room via the same walled-
in duct (if it goes down to the level of the air intake) or via a  newly designed 
duct, the pressure difference is compensated. The inflow and outflow occurs 
with the same air stream, regardless of the fact that the room is tightly closed 
and the building is thermo-modernised. The necessary condition for such an 
exchange is the separation of the supply and exhaust ducts. If the system is to 
operate on the basis of the existing natural ventilation duct, the duct inlet and 
outlet must be separated (walled in). However, if the existing natural ventilation 
duct begins only at the level of the ventilated floor, a new supply air duct must 
be led to it. A room situated on a high floor of the building is considered in the 
second case. It is usually equipped with a  short, vertical natural ventilation 
duct. Negative pressure occurs in the room and this phenomenon is intensified 
when the airflow is limited. This is because the air filling the room air space is 
constantly sucked in and should be discharged outside. Whether the outdoor air 
mass is brought from the intake to the ventilated room with the same walled-in 
duct (if it goes down to the level of air intake) or via a newly designed duct, there 
is an increased gravitational inflow of air into the room. The inflow and outflow 
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occurs with the same airstream. In this way, rooms located on different floors 
are equally ventilated regardless of the difference in the height of the exhaust 
duct, assuming that the cross-sectional dimensions are the same.

When designing a negative or positive pressure natural ventilation system, 
proper air supply to the building must be ensured. An air intake is used for 
this purpose, which may be located on the northern, eastern or north-eastern 
side, e.g. in the basement or ground floor of the building (Form & Orientation). 
The intake should be designed in the immediate vicinity of vertical natural 
ventilation ducts. The room intended for it should be heated (recommended 
air temperature ranging from 16°C to 18°C and relative humidity from 40% to 
60%), periodically cleaned and have all the walls and floors made of washable 
materials. Its surface area should not be less than 2.0 m2 and its height should 
be at least 2.2 m (these values are based on common functional needs). The air 
intake vent must be installed at a height of at least 100 centimetres from ground 
level and fitted with a filter to prevent dust particles, dirt and other contaminants 
from entering the air intake. The cross-sectional area of the air inlet duct to the 
air intake must be at least twice as large as the sum of the cross-sectional areas 
of the air supply ducts delivering air from the air intake to individual utility rooms 
(Gaczoł, 2018b; PN-83/B-03430). This requirement is due to the resistances 
occurring during the flow of air masses through the filter and its movement, 
which should not exceed 0.5 m/s in closed rooms and its optimal value is 0.15 
m/s (the Polish standards define the airflow velocity at the level of 0.7 m/s in 
closed rooms) (Strzeszewski, 2003; Gaczoł, 2007). The air intake can also be 
connected to an underground air storage tank located below the ground freezing 
level. The air used for ventilation is preheated in the storage tank, which results 
in savings resulting from minimal heat loss owing to the exchange of air in the 
rooms. Detailed regulations regarding the requirements for air intakes and 
exhaust vents can be found in Journal of Laws of 2013 item 926: “Regulation of 
the Minister of Transport, Construction and Maritime Economy of 5 July 2013, 
amending the Regulation on the technical conditions to be met by buildings and 
their location” (JL, 2013).

2. Methodology

The adopted research method consisted of studying literature that included peer-
reviewed journals, peer-reviewed conference proceedings and reports available 
on the Internet and in books. However, the research method consisted primarily 
in checking the simulation of airflow through the air intake, the room and the 
duct in ANSYS FLUENT computer software. The results for individual examples 
related to differences in the heights of ventilation ducts, the method of air supply 
and, most importantly, the output parameters of the outdoor air temperature 
and the required indoor temperature of the room have been developed. The flow 
velocity, temperature distribution in individual elements of the system, as well 
as pressure distribution and the manner of vector airflow through the room have 
been checked, thus providing an answer to the question of whether air masses 
mix in the examined room volume.

This issue has also been presented in the form of a survey to second year 
students of the Faculty of Architecture at Cracow University of Technology and 
has been met with great interest. Their task involved drawing the theoretical 
airflow direction on the attached diagrams and indicating the positive or negative 
pressure zones with a plus or minus sign. A majority of students completed the 
task with understanding (Gaczoł, Celadyn, 2019). 
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3. Case study

In the two considered cases (i.e. for a  room located on the ground floor and 
the upper floor ventilated by means of an air intake situated on the level of the 
basement floor), the value of the outdoor air temperature has been assumed at 
the level of +12°C.

3.1. Case 1

The first case presents a  room on the ground floor with an area of 16.0 m2 
and a volume of 43.2 m3, ventilated by means of natural balanced ventilation 
ducts with a cross section of 14x14 cm (196 cm2), enlarged to 14x21 cm in the 
inlet part. The air inflow is provided by a duct from an air intake located in the 
basement of the building. The air intake is a room with an area of 4.0 m2 and 
a volume of 10.0 m3. The outdoor air is at a temperature of +12°C flows into the 
intake through an 14x14 cm opening. The walls and floor in the intake room are 
finished with washable surfaces that are easy to clean and with a heater that in 
this case heats the incoming outdoor air. The temperature of the heater in the air 
intake is +20°C. The heated air is supplied from the intake to the living quarter 
through a 60-cm-long air duct with a cross section of 196 cm2. The living quarter 
located on the ground floor of the building has a 210x150 cm window opening 
and a 210x70 cm heater with the required temperature of +50°C below it. The 
aforementioned required heater temperatures have been chosen so that in each 
case, the indoor room temperature is maintained at +20°C, which is considered 
to be the minimum thermal comfort level. The designed window is tightly closed 
(no infiltration through window frames). The air is discharged from the ventilated 
room to the outside through a 12.0-m-long exhaust duct. The geometry of the 
examined case is shown in Fig. 1.

Fig. 1. ← Axonometric drawing of the model 
– Case 1

Fig. 2. ↓ Pressure distribution in the 
longitudinal section; diagram of the pressure 
prevailing in the exhaust duct (Pa)
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During computer simulations with the Ansys Fluent software, the following 
tests were conducted:

 ▶ Air pressure distribution (the given pressure diagram is measured in Pa) 
was tested in the living quarter and in the exhaust natural ventilation 
duct (vertical section through the centre of the room and the exhaust 
ventilation duct), see Fig. 2.

Conclusions:
There is negative pressure in the ventilated room and a  slight positive 
pressure in the air intake in comparison to the prevailing external pressure. 
In the longitudinal section, there is a  clear increase in pressure in the 
upper part of the room. Initially, a pressure drop is visible in the exhaust 
chimney, but it increases along the length of the exhaust chimney.

 ▶ The vector direction of the airflow (m/s) was tested in the longitudinal 
section of the room and supply and exhaust ducts as well as in the cross 
section, see Fig. 3.

Conclusions:
An increase in air movement of around 1m/s can be observed only in 
the supply and exhaust area and near the heater. The air velocity in the 
middle of the room is around 0.3 m/s. The air particles become mixed in 
the room.

 ▶ The distribution of air mass temperatures (°C) in the longitudinal section 
and cross section of the living quarter, the longitudinal section of the air 
intake, the living quarter and supply and exhaust chimneys were tested. 
Figure 4 presents a diagram showing the air temperature distribution in 
the chimney (°C). 

Conclusions:
The temperature ranges from +15°C in the lower part of the room 
to around +22°C in the upper part of the room. The average indoor 
temperature is +20°C. The air temperature in the exhaust chimney 
decreases slightly as the length of the chimney increases and remains at 
approximately +20.19°C.

Fig. 3. The air velocity in the room (m/s) 
– longitudinal and cross section 
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The outdoor air (+12°C) heated to a  temperature of around +14°C with 
a  heater located in the lower zone goes through the supply duct to the living 
quarters. According to computer calculations, the ventilation air stream is 
0.0221 kg/s = 66.3 m3/h, which accounts for around 1.5 times the air exchange 
in the room. 

3.2. Case 2

The second case presents a  room on the upper floor with an area of 16.0 m2 
and a  volume of 43.2 m3, ventilated by means of natural balanced ventilation 
ducts with a cross section of 14x14 cm (196 cm2), enlarged to 14x21 cm in the 
inlet part. The air inflow is provided by a duct from an air intake located in the 
basement part of the building. The air intake is a room with an area of 4.0 m2 
and a volume of 10.0 m3. The outdoor air at a temperature of +3°C flows into the 
intake through a 14x14 cm opening. The walls and floor in the intake room are 
finished with washable surfaces that are easy to clean and there is a heater that 
in this case heats the incoming outdoor air. The temperature of the heater in the 
air intake is +20°C. The heated air is supplied from the intake to the living quarter 
through a 9-metre-long air duct with a cross section of 196 cm2. The living quarter 
located on the upper floor of the building has a 210x150 cm window opening 
and a 210x70 cm heater with the required temperature of +45°C below it. The 
aforementioned required heater temperatures were chosen so that in each case, 
the indoor room temperature is maintained at +20°C, which is considered to 
be the minimum thermal comfort level. The designed window is tightly closed 
in order that there is no infiltration of air through the window frames. The air is 
discharged from the ventilated room to the outside through a 3.0-m-long exhaust 
duct. The geometry of the examined case is shown in Fig. 5.

Fig. 4. Air temperature distribution (°C) 
– longitudinal and cross section

Fig. 5. Axonometric drawing of the model 
– Case 2
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During computer simulations with the Ansys Fluent software, the following 
tests were conducted:

 ▶ Air pressure distribution was tested (the given pressure diagram is 
measured in Pa)in the living quarter and in the exhaust natural ventilation 
duct (vertical section through the centre of the room and the exhaust 
ventilation duct), see Fig. 6.

Conclusions:
There is negative pressure in the ventilated room and a  slight positive 
pressure in the air intake in comparison to the prevailing external pressure. 
In the longitudinal section, there is a  clear increase in pressure in the 
upper part of the room. Initially, a pressure drop is visible in the exhaust 
chimney, but it increases along the length of the exhaust chimney.

 ▶ The vector direction of the airflow (m/s) was tested in the longitudinal 
section of the room and supply and exhaust ducts as well as in the cross 
section, see Fig. 7.

Fig. 6. Pressure distribution in the 
longitudinal section; diagram of the pressure 
prevailing in the exhaust duct (Pa)

Fig. 7. The air velocity in the room (m/s) 
– longitudinal and cross section
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Conclusions:
An increased air movement of around 0.8 m/s can be observed only 
in the air supply area. In the exhaust air duct and near the heater, it is 
around 0.4 m/s. In the middle of the room, the air velocity is around 0.2 
m/s. The air particles become mixed.

 ▶ The distribution of air masses temperature (°C) was tested in the longitudinal 
section and cross section of the living quarter, the longitudinal section of 
the air intake, the living quarter and the supply and exhaust chimneys. The 
air temperature (°C) distribution in the chimney is shown in Fig. 8. 

Conclusions:
The temperature ranges from 15°C in the lower part of the room to 
around 22°C in its upper part. The average indoor temperature is +20°C. 
The temperature of the air in the exhaust chimney initially increases 
slightly, then decreases and then increases again as the length of the 
chimney increases and remains at around 20.21°C.

The outdoor air (+12°C) is heated to a temperature of around +14°C in the 
intake air intake and is then additionally heated to a  temperature of around 
+16°C with the heater placed in the lower zone, it flows through the supply 
duct to the living quarter. According to computer calculations, the ventilation air 
stream is 0.0171 kg/s = 51.3 m3/h, which accounts for around 1.2 times the air 
exchange in the room.

4. Discussion

The proposed solution yields the expected positive results in terms of air 
exchange rate as well as temperatures and pressures prevailing in the examined 
room and ventilation duct. The design of the air intake ensures appropriate 
parameters and, above all, ventilating the room with pre-heated air masses 
rather than with cold air, as is the case with the use of window vents or unsealed 
windows. As with the two cases presented in the article (cases B in the table), 
tests for outdoor temperatures of +3°C (cases A in the table) and -15°C (cases 
C in the table) were conducted.

Without fail, it can be argued that the results confirm the initial assumptions 
regarding the minimum required airstreams and thus the air exchange rate. 
The author believes that even better results can be achieved when using  

Fig. 8. Air temperature distribution (°C) 
– ventilation air temperature distribution (°C) 
in a 3 m exhaust duct
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so-called solar chimneys instead of ordinary exhaust chimneys. Owing to the 
glass cubic capacity in the former ones, the temperature of the air increases, 
thus intensifying its flow in the vertical exhaust duct and increasing the exchange 
rate (Arzpeyma et. al, 2020; Behling, 1996). 

Table 1. Summary of the results from the tested schemes for temperatures: +12OC, +3OC, -15OC

Case Outdoor air 
temperature 

[OC]

Indoor air 
temperature 

[OC]

Temperature  
of the heater 

in the room [OC]

Temperature 
of the heater in 
the intake [OC]

Ventilation 
airstream 

[kg/s], [m3/h]

A – ground 
floor -15OC +20OC +45OC +90OC 0.0289 kg/s 

= 86.7 m3/h

A – upper 
floor -15OC +20OC +80OC +90OC 0.0290 kg/s 

= 87.0 m3/h

B – ground 
floor +12OC +20OC +50OC +20OC 0.0221 kg/s 

= 66.3 m3/h

B –  upper 
floor +12OC +20OC +45OC +20OC 0.0171 kg/s 

= 51.3 m3/h

C – ground 
floor +3OC +20OC +35OC +70OC 0.0225 kg/s 

= 67.5 m3/h

C –  upper 
floor +3OC +20OC +65OC +90OC 0.0235 kg/s 

= 70.5 m3/h

5. Final conclusions

The pressure increase in the upper part of the room is clearly visible in all cases. 
Also, the temperature inside the room is maintained at a level of around +20°C 
in all cases, which is the minimum temperature required for thermal comfort 
in the examined room. The vector movement of the airflow indicates that the 
air masses become mixed. In the second case analysed, the lowest ventilation 
airstream was obtained (51.3 m3/h ), which results from the length of a short 
3-meter-long exhaust chimney. This is also influenced by the high outdoor air 
temperature, as the efficiency of the system increases along with decreases in 
outdoor air temperature. As can be seen from the above summary list, similar 
airstream values were obtained for individual examined cases (regardless of the 
location – ground floor, upper floor). The proposed solution of natural balanced 
ventilation ensures proper air exchange.
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