
Peaceful coexistence of 
smokers and non-smokers

Innovation in smoke separation 
by means of ELIA air curtains

The legislation on smoking in public areas be-
comes more and more stringent worldwide. In 
several countries smoking is only allowed when 
there is a physical barrier between the smoking 
and non-smoking room. Other countries permit a 
separation between these two areas by means of 
an air curtain. This invisible barrier of air brings 
many advantages for guests (both smoking and 
non-smoking), employees and owners of buildings 
in the hospitality sector. Biddle has developed an 
effective solution to separate a smoking zone from 
the rest of the building.



Biddle is a European manufacturer with more than 50 years experi-
ence in the field of innovative climate equipment, and has excelled 
in top quality and custom-made solutions. Biddle is considered the 
specialist in climate separation, and has become a major player in 
this industry by continuously introducing energy saving innovations. 
Key pillars are efficiency, quality, innovation, knowledge and design. 
The high quality is expressed in the thorough and customer-specific 
advice, the long life of the products and the use of the best available 
components.

After various research projects in close cooperation with third parties 
like the Technical University Delft and the University of Groningen, 
Biddle has developed a special air curtain for effective smoke separa-
tion called CITY ELIA (Extra Low Impulse Air curtain). The purpose of 
the research projects was to define how to design efficient separa-
tion between smoking and non-smoking areas such that the unwanted 
exposure to ETS (environmental tobacco smoke) in buildings can be 
reduced to a minimum. One of the most striking outcomes is that only 
ventilation by means of exhaust systems does not bring the desired 
result. An important reason for this is the effect of natural convection, 
which creates a counterflow against the direction of the ventilation flow 
and automatically occurs when there is a temperature difference be-
tween two areas, no matter how small or big. Even if there is tempera-
ture difference of only 1°C, warm air flows to the colder area through 
the upper part of the (door) opening and cold air enters the warmer 
zone via the bottom part. The temperature in smoking areas is usu-
ally slightly higher than in surrounding areas, amongst others because 
of the high occupation of people. Even though exhaust systems in a 
smoking zone improve the air quality in other areas significantly, there 
is still an outflow of warmer polluted air to the ‘clean zone’.

In order to improve the effectiveness of exhaust systems, a barrier 
between a clean and polluted area needs to be created. Instead of an 
undesired physical barrier, air curtains can be installed to create an in-
visible wall. Consequently, smokers do not feel isolated or unwelcome 
and at the same time the smoke does not bother non-smokers.

 
Air curtains: an effective barrier for  
tobacco smoke

Air curtains are usually applied to deal with substantial temperature dif-
ferences between an inside and outside area. Depending on the door 
height and temperature difference, a discharge velocity of approximately 



The CFD simulations below (see figure 2) show that either an exhaust 
system or an air curtain only does not guarantee an optimal separation. 
When an exhaust system is installed, the exchange of air is hardly re-
duced. After installation of a good working air curtain at low speed there 
is a clear separation, but because of a small level of induction still a minor 
part of the air from the smoking area is exchanged with the fresh air from 
the non-smoking zone. This effect of mixing can be avoided by installing 
an exhaust system in the smoking area to create a ventilation flow equal 
or slightly higher than the volume of the air curtain flow. Compared to a 
situation without air curtain 4 to 10 times less ventilation is required.

4 to 12 m/s is required to guarantee an optimal separation. However, in 
this specific application where the airflow is used as a barrier for polluted 
air and where the temperature difference is typically 5°C or less, the 
air flow needs much less strength. At an installation height of 3 meter, 
a discharge velocity of 0,7 m/s is enough. Higher discharge velocities 
would decrease the effect of the air curtain, as the air flow will reach the 
ground at too high speed. As a consequence, the air would collide with 
the ground and split up into two directions, which means that part of the 
polluted air from the smoking zone would still flow to the non-smoking 
area (figure 1). In addition, the patented rectifier technology with which 
all Biddle air curtains are equipped ensures a non-turbulent (nearly lami-
nar) air flow for a perfect downward penetration to the floor without mix-
ing the air from the smoking area with the fresh air from the non-smoking 
area. Thanks to the rectifier, a Biddle air curtain has an efficiency of 94% 
(proven by TNO, Dutch National Research Center).

No air curtain, no exhaust system

No air curtain, with exhaust system

With air curtain, no exhaust system

With air curtain and exhaust system

Figure 1:      Performance of the air flow
Figure 2:   CFD Simulations
 
Red = polluted air
Blue = clean air
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Proof of technology by tests with CO2 
To prove that an ELIA air curtain has the ability to separate two cli-
mates with a different concentration of for example gas, humidity, 
smoke or odour, the technology was tested in Biddle’s R&D office, 
which is separated from the hallway by a door. During the night (with 
all other climate units turned off) a small temperature difference be-
tween office and hall way was created by a heat source in the office. 
Also a small difference in gas concentration was imposed by a fixed 
and constant CO2 source in the office. A temperature sensor and a 
CO2 sensor were mounted in both areas and an air curtain type ELIA 
was mounted over the door with a discharge velocity of about 1 m/s. 
The results (see figure 3) show that with the air curtain running, a 
temperature difference of about 2°C can be maintained and the CO2 
concentration difference between both areas was held constant to ap-
proximately 100 ppm. As soon as the air curtain was switched off at 
23:00, the separation between temperatures and CO2 concentration 
was lost. The rise in hallway temperature indicates that heat is flowing 
out of the office into the hallway. Consequently, with this airflow CO2 is 
flowing into the hallway also. After switching the air curtain on again at 
03:00, both the temperature and CO2 concentration difference is vis-
ible again, signifying that an ELIA air curtain can successfully separate 
different climate zones.   

ELIA technology not only applicable for 
smoke separation
Although the ELIA technology was in first place developed for smoke 
separation, this technology is also an excellent solution for separation 
of gas, dust, odour or any other substance that floats in the air. An 
interesting project was realized at the museum Hermitage in Amster-
dam, where the ELIA air curtains were used for humidity separation. 
In order to optimally conserve the displayed art, a stable inner climate 
without humidity exchange is of great importance. By applying the 
ELIA technology, the climates in different zones of the museum can be 
separated perfectly. Also projects were done with a composting facility 
in Canada and a plastic processing company in The Netherlands to 
avoid the outflow of odour from the factory to surrounding neighbour-
hoods. As it concerned an industrial application with high doors facing 
the outside, a higher discharge velocity was required. Therefore, the 
technology was applied in industrial air curtains, model IndAC, espe-
cially adapted for the specific situation. 

These successful projects prove that air curtains do not only bring 
many advantages when they are used for temperature separation, but 
also in situations where certain areas need to be separated from other 
areas where air contains smoke, gas, humidity, dust or odour. 

Figure 3:     Results of CO2 test


