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the ratio of required airflow/cool-
ing to the resulting maximum
available airflow/cooling. 

The required level of ventila-
tion/cooling capacity is an output
of the room controller (constants
or temperature and CO2 con-
troller). The maximum available
airflow/cooling capacity can be
defined using the formulas shown
above, with the use of indoor air
temperature and readings from
the weather station, such as out-
door temperature, wind speed and
direction. Several building param-
eters, such as openings size and
location, also need to be taken
into account. 

The proposed formulas describ-
ing the airflow through the build-
ing and related cooling capacity
are given here (see box, above).
The basic formula (Formula 1) for
spaces ventilated naturally
through direct window openings is
based on the Pfaff formula, which
was established using numerous
tracer gas airflow measurements.

This formula would need to be
modified if secondary openings
are used, such as double skin
facade or ductwork (Formula 2).
The available cooling capacity
could be defined based on the
potential airflow and the tempera-
ture difference (Formula 3). 

Driving forces
The main driving forces of natural
ventilation are buoyancy and wind
effect. These depend on several
factors such as:
■ construction data, such as size,
depth of the building, location,
construction and size of openings
■ indoor temperature
■ weather data, such as wind
speed and direction and outdoor
temperature. 

Both wind and buoyancy
depend on the building character-
istics but their sensitivity to the
building data is different. Wind-
driven flow is turbulent in nature,
while the buoyancy relies on the
laminar flow through the building. 

Wind dominates over buoyancy
in most cases, unless relatively
high resistance of openings with
secondary openings is applied.
Figure 2 (see above) illustrates the
exemplary impact of the opening’s
admittance on the airflow through
the building for buoyancy or wind-
driven airflow. 

Limit functions
The strategy described above
enables the natural ventilation
openings to deliver the required
ventilation rate and/or cooling
capacity. However, while doing so,
the control system should limit
noise and visual disturbances aris-
ing from operating the opening’s
actuators and manage additional
issues of draught, security and
weatherproofing. Finally, the user
should always have the ability to
override manually the position of
the openings.   

All the limitations have a differ-
ent impact on the final selection of
the actuator’s position. Both

weatherproofing and security are
more like alert functions and they
override all the other control func-
tions. Noise and visual disturbance
related to the actuator’s work can
be limited by very slow and silent
motors, which are already avail-
able on the market. If these are
not provided, the windows’ posi-
tion should be updated at a speci-
fied interval (eg every 15 minutes)
and follow an integrated value of
the defined actuator’s positions
during this time. 

A harder challenge is to predict
and reduce risk of draught during
operation of the windows. The
proposed control algorithm above
reduces the risk of draught by
keeping the airflow tight at
required level. It handles especially
well the draught caused by a high-
er wind speed, since an increase in
wind speed results in smaller
openings of the facade. This will
offset the wind impact and allow
for a more laminar flow induced by
the buoyancy effect only.
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