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Efficient, simple and cheap outdoor extension of
exhausting system using Bernoulli and thermal convection
effects applied for air forced boilers on natural gas

Boilers on natural gas with forced air are more and more used as home appliances for one family
houses up to blocks with many apartments. One of the major problems is the exhaust of the burnt
gases (carbon dioxide and water vapors) at the highest level in the atmosphere in view do not
interfere with the breathing air for humans. On the other hand, carbon dioxide is heavier than pure
air, so it must be efficiently diluted before to reach the ground level.

In general such boilers are mounted in the basement and have a basic kit with short fitting for
exhaust the burnt gases, but they recommend special extensions with concentric pipes directly and
tightly connected to the basic ones. These extensions have important disadvantages:

) have a complicated structure and are expensive;

(i1) imply overcharge of the air pump, corrosion and extra-care of the boiler;

(111))  need expensive and tricky installation in view to collect, control and safely remove the
condensed water;

(iv)  producers impose a limited height of these pipes mainly due by the power of the air pomp
of the boiler.

The solution described in this note uses a combination of the Bernoulli and convection effects in
exhaust of burnt gases. It has been applied to a Vaillant turbotec TEC plus boiler for which the
manufacturer recommend him own extension pipes, but with special additional pieces for condensed
water collection, special care, and imposing a maximum height of 4 m [1].

Figure 1 shows the picture of the new outdoor extension system using combination of Bernoulli and
convection effects. It consists in a funnel mounted in the near vicinity of the basic exhausting pipe of
the boiler’s kit, but not in contact with it, so the fresh air admission to the burner and the exhausting
pump are not perturbed. In this funnel the Bernoulli effect works by mixing hot burnt gases with
fresh air and is forced by thermal convection effect along the vertical pipe not limited in height. The
Bernoulli effect was verified by a fired candle placed in the funnel whose flame is prominently
deformed along the air flow by simple convection and quenched when the air pump is on. This
assembly was verified over one year long in continuous operation of the boiler for the outdoor
temperature ranging between -15 to +40 °C. At negative temperatures the most of water vapors are
visible on the exhaust air at top of vertical pipe and a few condensed water results dropping on the
ground and/or forming small icicle at the funnel margin. The flowing regime in the exhausting tube
is specific of vibrating tube with open ends having maxima and minima amplitude spaced by a
quarter of wave length. This can be easy observed by sensing the temperature differences along the
tube.

In view to optimize the operation of the outdoor exhausting system, the pipe material and dimensions
must be adapted to the needed height and the flow rate of the air pump.

It is important to resume the main advantages of the above described original exhausting system for
air forced boilers on natural gas:

1 — it does not perturb the operation of the boiler with the basic exhausting kit, on the contrary it
helps the admission of fresh air to the boiler’s burner;

2 — it makes easier dispersion of burnt gases at high levels in the atmosphere and in great dilution
with fresh air;

3 — the resulted condensed water even at low outdoor temperatures is very low;

4 — it is simple, easy to mount and cheap in comparison with the actual exhausting solutions;

5 —itis possible to adapt a heat exchanger in this system in view to recover a part of exhausted heat.

[1] Vaillant turbotec TEC plus, Gas wall system and combination boilers, Vaillant Group
International, GmbH, Germany; www.vaillant-export.com
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Fugure 1. Outdoor extension of exhausting assembly adapted for Vaillant turbotec
TEC plus boiler based on Bernoulli and convection effects. Boiler is wall mounted
in the house basement and all assembly was verified continuously one year long for
four seasons at outdoor temperatures ranging between —15 to +40 oC.

1— original exhausting system from basic kit of the boiler;

2— funnel as (air + exhaust gases) collector & mixer (Bernoulli effect);

3— ND 100 mm polypropylene pipes for convection flow of gas mixture.
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