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Abstract: Natural ventilation is driven by either buoyancy
forces or wind pressure forces, or their combinations that in-
herit stochastic variation into ventilation rates (Hunt, 1999). We
know that these factors influence air flow speed and thermal com-
fort inside buildings. This paper examines the relationship be-
tween external climate and natural ventilation including thermal
comfort. I try to (1) find the external climate consequence of
natural ventilation in Gdansk; (2) determine how natural venti-
lation influences thermal comfort inside buildings. The primary
goal of this study is to offer a better understanding of the im-
pact of external climate conditions on ventilation and comfort.
The research was conducted in Gdansk for a typical single family
building after thermal renovation.

1. Introduction

Because of the specific tradition of building and economic realities in Poland, for
years, the cheapest (from the point of view of investment) ventilation system (natural
or gravity ventilation system) was preferred. The mechanisms, which force air flow
in natural ventilation systems are: the pressure differences caused by differences in
air temperature, and gusts of wind (Etheridge and Sandberg, 1996; Mochida, 2005;
Santamouris and Wouters, 2006). The warm air inside the building is less dense than
cooler air outside, and thus, will try to escape from openings high up in the building
envelope, while cooler denser air will enter openings lower down. The process will
continue if the air entering the building is continuously heated, typically by casual or
solar gains.

However, natural ventilation is difficult to design and control. In this section
ventilation efficiency is discussed. Investigations are limited to a residential house
equipped with a natural ventilation system with inlet air.

Natural ventilation is important because it can provide and move fresh air without
fans. For warm and hot climates, it can help meet a building’s cooling loads without
using mechanical air conditioning systems. This can be a large fraction of a building’s
total energy use.
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The purpose of this article is to assess the impact of external climate on the
effectiveness of the natural ventilation. The article uses the results of experimental
studies. Long-term studies were used to assess the quality of natural ventilation and
carbon dioxide concentration in rooms. A typical single-family building after thermal
renovation was used in the study.

The article also includes a description of indoor air condition by CO2 concentra-
tion. Carbon dioxide is a natural air component. The amount of CO2 in a given air
sample is commonly expressed as parts per million (ppm). The outdoor air in most
locations contains down to about 380 parts per million of carbon dioxide. Higher out-
door CO2 concentrations can be found near vehicle traffic areas, industry and sources
of combustion. Where indoor concentrations are elevated (compared to the outside
air) the source is usually the building’s occupants. People exhale carbon dioxide - an
average adult’s breath contains about 35,000 to 50,000 ppm of CO2 (100 times more
than outdoor air). Without adequate ventilation to dilute and remove the CO2 con-
tinuously generated by the occupants, CO2 can accumulate. Today, the measurement
of carbon dioxide is an important tool to help ensure adequate outside air ventilation
and energy saving by reducing the number of over-ventilated buildings (Prill, 2000).

2. Characteristics of the reference building

Long-term research has been carried out in a residential building in Gdansk (Fig. 1)
- a typical single-family building from the 1950s, after it was renovated. The building
is semi-detached. The external walls of the building are made of three layers of solid
brick. Its walls were insulated with 15 cm of polystyrene. The building is a full
basement with two floors. The ventilation piping was made from ceramic blocks
19/19 cm with a cross-section �15 cm extension on each floor. The transmission
heat coefficient U was 0.25 W/(m2 K) for the external walls, 1.3 W/(m2 K) for the
windows, and 0.22 W/(m2 K) for the roof.

Research was carried out in a separate part of the building. The study used two
rooms, the kitchen and the living room. The rest of the building was tightly insulated.
This was due to the location of the inlet and the outlet air ventilation. During the
study I focused on the air inlet located in the living room and on the duct ventilation
in the kitchen.

3. Description of measuring and test equipment

Measurements were taken with a measuring system whose sensors have confirmed
metrological properties. The sensors were connected to a data acquisition module.
Data collected in the module were automatically transferred to the metering database
located on a computer. The location of the sensors in the building is shown in Fig. 2.
A description and location of the sensors are presented in Tab. 1. Sensors were
positioned to determine the effect of wind speed and direction as well as the outside
air temperature on the flow characteristics of the air in the rooms. The arrangement
of the sensors was adapted to the expected flow profile of the air in the rooms. It
was used to identify the speed and temperature of the air flowing in the characteristic
points of internal rooms: by the window, the door opening in the inner wall of the
living room, and the ventilation duct outlet in the bathroom.
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The outside climate parameters were measured in close proximity to the air venti-
lation inlet. All that, gave the opportunity to make measurements taking into account
the possible aerodynamic disturbances of the incoming air mass on the facade of the
building.

Measurements were taken continuously for 7 days from 02 April 2014 to 09 April
2014. The sampling time was 60 second. A local climate data base was created for
the purpose of the study.

Fig. 1. The northern elevation of the building in which the study was conducted.

Fig. 2. Ground floor - location of the sensors.
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Tab. 1. Description of the sensors.

Id Symbol Sensor name Measured value

1. W Wind sensor
Velocity [m/s]
Direction [◦]

2. H Hygrometer
Humidity [%]

Temperature [◦C]

3. A Anemometer
Velocity [m/s]

Temperature [◦C]

4. C CO2 sensor
CO2 [ppm]

Temperature [◦C]

5. B Barometer Pressure [hPa]

6. T Temperature Temperature [◦C]

4. External climate conditions

On the basis of the existing regulations (PN-83/B-03430 with changes Az3) in the
design of natural ventilation, it is assumed that its nominal performance is to be ob-
tained when the outdoor temperature is less than 12 ◦C. With the outside tempera-
ture decrease, air velocity in the chimney, and thus, the performance of the ventilation
system, will be increased. Therefore, it is expected that the outside air temperature,
measured during the research, will affect the performance of natural ventilation.

Knowledge of the wind characteristics is an important factor in calculations of
air flows in natural ventilation. The velocity level and the direction of the wind
set the amount of air coming through the opening. The characteristics of the wind
in place where measurements were taken were determined on the basis of hourly
meteorological data prepared for the climate station in Gdańsk. Wind velocity taken
from meteorological data is often measured in large open spaces. A recalculation is
therefore necessary to find the wind velocity level in the middle of an urban area.
This calculation of the correct velocity profile was made in Fig. 5.

Fig. 3 shows the percentage of wind direction at the place of measurement and
climate data prepared for Gdańsk. The dominant directions at the location of the
sensors are: northwest NW (35 %), west W (35 %), and then northeast NE (20 %).
With the lowest frequency wind blow from the East E (9 %) and southeast SE (1 %).
In contrast, the dominant direction for the meteorological station during this period
is North N (90 %).

The analysis of the wind velocity variation shows that wind velocity is significantly
reduced in urban areas (by 40 ÷ 60 %) compared to undeveloped areas. The measured
wind velocity distribution shows that a period of silence (0 ÷ 0.5 m/s) constitutes 50
% of the duration of the measurement, very poor velocity (0.5 ÷ 2 m/s) takes up 20
%, and weak wind (2 ÷ 4 m/s), 30 %.
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5. Results

Natural ventilation is defined as using passive strategies to supply outdoor air to a
building’s interior for ventilation and cooling. The specific design of natural ventila-
tion systems will vary based on building type and local climate. Taking advantage of
convection and natural wind currents is very effective for reducing the cooling load.
The amount of ventilation depends on the careful design of internal spaces, and the
size and location of openings in the building.

Natural ventilation offers many benefits for building performance. Among the
advantages of passive ventilation are (Martin and Fitzsimmons, 2000):

• Reduced operating costs

• Lower first (construction) costs

• Decreased impact on the environment

• Increased occupant comfort

• Improved indoor environment.

However, before natural ventilation can be widely adopted as a passive cooling and
ventilation strategy, the underlying phenomena that govern the flow patterns and
temperature distribution must be understood.

Natural ventilation is clearly a valuable tool for sustainable development as it
relies only on natural air movement, and can save significant amounts of fossil fuel-
based energy by reducing the need for mechanical ventilation and air conditioning.
Reducing electrical energy used for cooling contributes to the reduction of greenhouse
gas emissions from the power plant providing the energy.

Fig. 3. Wind rose showing the average percentage of wind direction for a representa-
tive meteorological station and the measured values.
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5.1. Efficiency of natural ventilation

Indices of ventilation efficiency characterize the mixing behavior of air and the distri-
bution of pollutant within a space. These two aspects may be subdivided into indices
of air change efficiency and pollutant removal effectiveness respectively. Ventilation
efficiency is based on the evaluation of the ’age’ of air and on the concentration dis-
tribution of the pollutant in the air. Some indices are based on room averaged values,
while others refer to specific points or locations. This has important consequences
because while room values provide some guidance to the overall performance of a ven-
tilation system, point values indicate regions where localized poor ventilation might
occur.

System performance of natural ventilation was calculated on the basis of equations
(Awbi, 2003), where εt is ventilation efficiency defined as temperature difference.

εt =
Toutlet − Tinlet

Taverage − Tinlet
(1)

Toutlet – is the average temperature for the air-CO2 mixture at the outlet [◦C],

Taverage – is the average temperature for the air-CO2 mixture all over the breath-
ing zone [◦C],

Tinlet – is the average temperature for the air-CO2 mixture at the inlet [◦C].
The following equations are used to compute the temperatures:

Taverage =

∫
Az

TdA

Az
(2)

Toutlet =

∫
Sr

TdS

Sr
(3)

Tinlet =

∫
Ss

TdS

Ss
(4)

Az – the area of the breathing zone [m2],

Sr – the outlet surface [m2],

Ss – the inlet surface [m2],

T – temperature in point (x, y), [◦C].
Equations (1-4) were used to calculate natural (gravity) ventilation system perfor-

mance. Calculations were based on the average daily air temperature for each of the
7 test days. The highest efficiency of the ventilation system is present in the range
from 0 to 2 (Rim and Novoselac, 2009). The values of the upper limit of the range
mean higher performance ventilation. Analysis of the results (Fig. 4) indicates that
most of the time efficiency of the ventilation system was at the desired level.

The last day indicated a strong decrease in the efficiency of ventilation. This
deterioration in ventilation in the building resulted from the growth of wind velocity.
Nevertheless, the efficiency of ventilation was still in the comfort range.
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5.2. Indoor air quality

On the basis of the Pettenkofer scale (Porteous, 2011) air with CO2 above 1000 ppm
is of poor quality, and air with CO2 levels from 2500 ppm is dangerous to health. The
concentration of CO2 in the building during the study was average.

Most of the time, the concentration of CO2 did not exceed the value of 1000 ppm.
Only at the outlet air point there was higher concentration of CO2 in the range from
1500 ppm to 1850 ppm. This may have been affected by instantaneous conditions in
the kitchen, for example during meal preparation (Fig. 5). Clearly, elevated indoor
CO2 levels suggest inadequate amount of outside ventilation air which causes other
potentially harmful air pollutants to build up and create health, productivity and
comfort problems. It is essential to keep in mind that many indoor air pollutants are
generated independent of occupancy (carpet off-gassing, stored materials, air entry
from contaminated utility tunnels, etc.). Where pollutant sources are independent of
occupancy, CO2 may not be a good yardstick to evaluate the quality of the indoor
air.

6. Summary of the results

Results of the ventilation system performance analysis show almost constant system
efficiency. One strong disturbance on the last day of taking measurements may have

Fig. 4. Comparison of the effect of wind velocity and air inlet and outlet for the
efficiency of ventilation in the analyzed building.

Fig. 5. Carbon dioxide concentration in the kitchen, the living room and the outlet
and inlet air.
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been influenced by changes in wind speed. Still, it should be noted that ventilation
efficiency was at a comfortable level all the time.

The quality of air inside the building depends on the concentration of contami-
nants such as gases and particles, and on the amount of fresh air brought into the
building through its ventilation system to dilute and remove these pollutants. It is
essential to monitor indoor air quality to provide for occupant health, productivity
and comfort. Carbon dioxide is the most harmful component of the air occupants
breathe in the house. During the study the CO2 concentration was within safety
limits. Only occasionally the level of CO2 was dangerous: probably when the res-
idents were preparing a meal. Usually reduced efficiency of the ventilation system
increases CO2concentration but measurements taken in this study did not show this
to be the fault. Clarification of the obtained results would entail taking long-term
measurements and interviewing the residents.

Forces of air flow in rooms are random and depend on incident and climate condi-
tions. However, proper building geometry, distribution of internal spaces, and location
of inlet and outlet openings can significantly improve efficiency of natural and stacked
ventilation systems and extend periods of time in which the ventilation systems re-
move waste air effectively. Using natural ventilation for cooling and ventilation is a
cost-effective building design concept. Most importantly, natural ventilation strate-
gies improve indoor air quality and improve occupant comfort, which can translate
to healthier, more productive building occupants.

7. Conclusions

In the case discussed thermal renovation of the building did not have any major
influence on natural ventilation efficiency. The obtained results clearly show the
impact of wind on the effectiveness of natural ventilation in the building. During an
intense wind period there was an increase of the inlet air in the room. This situation
influenced performance degradation of natural ventilation. A temporary increase in
the concentration of carbon dioxide in the kitchen was probably caused by residents
preparing meals. This is confirmed by temporary increase of carbon dioxide only in
this room.

This investigation confirms the necessity to take measurements of external climate
in the planning phase. In order to improve the efficiency of natural ventilation in a
residential house one should know the difference of pressure inside and outside. This
data will be helpful while selecting the location and the size of the air inlet.

It is important to check on local wind conditions and factors that might influence
local conditions when designing for a particular site.

The key to a successful natural ventilation approach is that it should be an integral
part of the building design. Buildings ventilated with natural ventilation strategies
can considerably improve air quality, making a significant contribution to better life
in the building. With natural ventilation it can be difficult to keep stable indoor
conditions, since outside weather conditions often change.

My further research will focus on experimental investigations of climate parameters
and their influence on the breathing zone.
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