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(54) Boiler comprising a heat exchanger

(57) The invention relates to a boiler comprising:
- a burning chamber (1) at least partially surrounded by
a volume (2) of water,
- a burner arranged inside the burning chamber (1),
wherein the burner burns a combustible, thus producing
flue gases (4),
- a heat exchanger (5) in a fluidic relation with the burning
chamber (1), said heat exchanger (5) being separated
from the volume (2) of heat transfer fluid by a heat transfer
surface (50) for transferring heat from the flue gases to
the water, wherein the heat exchanger (5) comprises
means for controlling the flow of flue gases,

wherein said controlling means comprise means (53, 54)
for creating a turbulent flow of the flue gases (4) within
the heat exchanger (5).
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Description

OBJECT OF THE INVENTION

[0001] The invention relates to a boiler comprising a
burning chamber at least partially surrounded by a vol-
ume of water, a burner arranged inside the burning cham-
ber, wherein the burner burns a combustible, thus pro-
ducing flue gases, and a heat exchanger in a fluidic re-
lation with the burning chamber, said heat exchanger
having a heat transfer surface for transferring heat from
the flue gases to the heat transfer fluid, wherein the heat
exchanger comprises means for controlling the flow of
flue gases.

BACKGROUND OF THE INVENTION

[0002] In a boiler, water is heated via the flue gases
resulting from burning a combustible.
[0003] Usually, a boiler comprises a burning chamber
at least partially surrounded by a volume of heat transfer
fluid.
[0004] A burner is arranged inside the burning cham-
ber, for burning a combustible, thus producing flue gases.
[0005] A heat exchanger has a heat transfer surface
for transferring heat from the flue gases to the heat trans-
fer fluid.
[0006] The output of the boiler depends on the ratio of
the heat of the flue gases that is transferred to the water.
It is thus desirable that the temperature of the flue gases
that are evacuated from the boiler is the lowest as pos-
sible.
[0007] To that end, different systems have been de-
veloped.
[0008] One system is a condensing boiler.
[0009] Such a boiler can comprise primary and sec-
ondary heat exchangers, whose function is to offer a wide
surface of contact between the flue gas on the one side,
and the heat transfer fluid on the other side. The widest
the surface of the exchangers, the most important heat
transfer is achieved.
[0010] The primary heat exchanger, which is larger
than the secondary one, is made out of normal (i.e. not
corrosion resistant) steel, and aims at cooling the flue
gases from a temperature of about 1000°C to a temper-
ature of about 200°C, whereas the temperature of the
water increases accordingly.
[0011] However, below 200°C, there is a risk of con-
densing of the flue gases, thus forming aggressive acids
that corrode the steel of the primary heat exchanger.
[0012] The use of stainless steel or other corrosion re-
sistant material for the primary heat exchanger is not al-
ways contemplated because of the large surface of the
primary heat exchanger and of the cost of this material,
which would dramatically increase the cost of the boiler.
[0013] In order to increase the calorific output of the
boiler, a secondary heat exchanger may be then installed
downstream the primary heat exchanger.

[0014] This secondary heat exchanger aims at trans-
ferring more heat to the water. To that end, the flue gases
are cooled from 200°C to a temperature below due point
of the specific flue gas mixture (typically about 30°C to
50°C) and condensation of the flue gases occurs.
[0015] The water thus picks up the latent heat of con-
densation of the water contained in the flue gases.
[0016] In order to avoid corrosion by the condensates,
the secondary heat exchanger is made of stainless steel
or other corrosion resistant materials.
[0017] To reduce the cost of such a boiler, it would be
interesting to limit the surface of the secondary heat ex-
changer, which is made of an expensive material.
[0018] To that end, it would be desirable to have a low-
er safe temperature of the flue gases leaving the primary
heat exchanger.
[0019] However, due to the risk of corrosion by the
condensates that was mentioned above, the skilled per-
son can hardly contemplate the reduction of the temper-
ature of the flue gases at the exit of the primary heat
exchanger.
[0020] Indeed, boilers usually have an unequal distri-
bution of the temperature of the water which leads to
unequal surface temperatures on the gas side. Colder
spots are thus possible, which lead to local condensation
of the flue gases.
[0021] Flue gases are as well not perfectly equally dis-
tributed so that even if the average flue gas temperature
at the exit of the primary heat exchanger is far away from
the critical limits of condensation, the surface of the heat
exchanger may locally reach condensation conditions.
[0022] There are different solutions in the market by
internal maintaining of the water temperature above a
critical level.
[0023] For example, a system proposes a recirculation
of the water already heated to the return flow.
[0024] Others are based on specific internal mixing of
cold return water with the hot water inside of the boiler.
[0025] However, the systems may be complicated and
expensive since it requires a second loop for water re-
circulation.
[0026] Other measures exist in designing the flow pat-
tern of the flue gases, such that by an equal heat distri-
bution the effective heat transfer surface stay above the
critical limits.
[0027] In particular, the Applicant has already devel-
oped a boiler wherein the flue gases are forced to pass
through a slot located in the lower part of the burning
chamber and enter the heat exchanger which comprise
a plurality of radial walls defining parallel channels, and
leave the primary heat exchanger in the upper part of the
burning chamber. This rather simple construction allows
manufacturing the burning chamber and the heat ex-
changer in cast iron.
[0028] In the channels, an equal flow of the flue gases
is created, in order to ensure that the flue gases are equal-
ly distributed on the surface of the primary heat exchang-
er. This results in increasing the heat transfer and avoid-
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ing zones with minimal heat transfer which would be likely
to create local cold spots.
[0029] Although this heat exchanger provides good re-
sults, while allowing a simple and economical construc-
tion of the heat exchanger, improved calorific output of
the heat exchanger and lower cost of the boiler are ex-
pected.
[0030] Furthermore, the solutions described above
must be well balanced not to have on the other side hot
spots which may create new problems due to local over-
heating and limestone deposit in the water pipes.
[0031] One goal of the invention is thus to provide a
simple construction of the heat exchanger, which allows
decreasing the cost of the boiler.
[0032] Another goal of the invention is to enable an
increased heat transfer between the flue gases and the
water with reasonable flow resistance and in a limited
surface area.

BRIEF DESCRIPTION OF THE INVENTION

[0033] The invention provides a boiler comprising:

- a burning chamber at least partially surrounded by
a volume of water,

- a burner arranged inside the burning chamber,
wherein the burner burns a combustible, thus pro-
ducing flue gases,

- a heat exchanger in a fluidic relation with the burning
chamber, said heat exchanger being separated from
the volume of heat transfer fluid by a heat transfer
surface for transferring heat from the flue gases to
the water, wherein the heat exchanger comprises
means for controlling the flow of flue gases,

wherein that said controlling means comprise means for
creating a turbulent flow of the flue gases within the heat
exchanger.
[0034] The heat exchanger advantageously compris-
es two hemi-annular portions surrounding at least a part
of the burning chamber, wherein each portion comprises
an inlet for the flue gases, located in the lower part of the
burning chamber.
[0035] Said means for creating a turbulent flow of the
flue gases within the heat exchanger comprise a plurality
of longitudinal walls extending substantially perpendicu-
lar to the general direction of the flow of flue gases, where-
in each longitudinal wall comprises orifices for the pas-
sage of the flue gases.
[0036] According to advantageous embodiments, the
orifices of two adjacent walls are arranged in staggered
or aligned rows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] Other characteristics, objects, and advantages
of the invention will appear clearer in reading the descrip-
tion below, which is illustrated by the following figures:

- Figure 1 is a perspective view of the boiler;
- Figure 2 shows a sectional view of the boiler;
- Figure 3 is another sectional view of the boiler;
- Figure 4 illustrates a detail of Figure 1;
- Figure 5 is a schematic view of a possible arrange-

ment of the longitudinal walls of the boiler;
- Figures 6 to 8 illustrate the successive steps for man-

ufacturing the heat exchanger.

DETAILED DESCRIPTION OF THE INVENTION

[0038] Referring to Fig. 1, the boiler comprises a burn-
ing chamber 1 which is at least partially surrounded by
a volume 2 for water.
[0039] In the embodiment shown on Fig. 1, the burning
chamber 1 has a cylindrical shape whose axis 10 is sub-
stantially horizontal.
[0040] In this text, "longitudinal" refers to the direction
of the axis 10 of the burning chamber.
[0041] As can be seen on Fig. 2, the burning chamber
1 is closed by two vertical walls: a front wall 11 comprises
an orifice 12 for introducing a burner (not shown), while
the opposite wall or rear wall 13 is plain or formed as a
dome to resist water operation pressure.
[0042] In order to maximise the heat transfer surface
between the flue gases and the water, the volume 2 of
water has a substantially annular shape and surrounds
the burning chamber 1 on its peripheral wall 14 and on
the rear wall 13.
[0043] The burner is known in the art and is fed by a
combustible - either gas or fuel.
[0044] The combustion of the combustible creates flue
gases 4 at a high temperature - typically of above 1000°C.
The direction of the flow of flue gases is indicated by the
arrows.
[0045] A convective heat exchanger 5 is arranged in
the boiler for providing a heat transfer surface 50 between
the flue gases and the water.
[0046] To that end, the convective heat transfer sur-
face 50 is arranged as the external wall of an annular
volume (namely the heat exchanger 5) located inside the
burning chamber 1.
[0047] This annular volume is defined by an external
wall 50 which is a part of the peripheral wall 14 of the
burning chamber 1, and by an internal wall 51.
[0048] The convective heat exchanger 5 is preferably
located in the region of the burning chamber which sur-
rounds the burner.
[0049] In the region of the burning chamber 1 opposite
to the burner, the flame energy is emitted in the direction
of the rear wall 13 and the internal cylinder inlay takes a
part of radiation energy from the flame and there is thus
a good heat transfer between the flue gases and the wa-
ter through the rear wall 13.
[0050] The convective heat exchanger 5 is needed
around the burner in order to force the flow of the flue
gases around the burner and enhance the heat transfer
between the flue gases and the water in this region.
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[0051] The heat exchanger is in a fluidic relation with
the burning chamber 1 by at least an inlet and comprises
an outlet 52c from which the flue gases are collected and
guided to the exhaust pipe or through a secondary heat
exchanger (not shown).
[0052] Preferably, the heat exchanger 5 is divided into
two hemi-annular volumes 5a and 5b (shown on Fig. 3)
which are substantially symmetrical with respect to a
plane comprising the longitudinal axis 10 of the burning
chamber 1.
[0053] Each hemi-annular portion 5a and 5b compris-
es an inlet 52a, respectively 52b which consists in a lon-
gitudinal slot arranged between the internal and external
walls of the heat exchanger.
[0054] The inlet is preferably located in the bottom por-
tion of the burning chamber 1, whereas the outlet is lo-
cated on top of the boiler.
[0055] The flow of the flue gases within the heat ex-
changer 5 is advantageously controlled by means of lon-
gitudinal walls 53.
[0056] Figure 4 is a detailed view of the longitudinal
walls 53, which are pierced by orifices 54 for the passage
of the flue gases.
[0057] The flow of flue gases passes through the ori-
fices of the longitudinal walls 53 in a direction substan-
tially perpendicular to the walls.
[0058] The pattern (i.e. shapes, dimensions and ar-
rangement of the orifices 54) is determined by the man
skilled in the art in order to obtain the best distribution of
the flue gases.
[0059] It is indeed possible to selectively adjust the pat-
tern according to the region of the heat exchanger, in
order to increase the heat transfer in the coldest areas,
and to reduce it in the hottest ones.
[0060] This pattern provides an almost perfect Tichel-
mann flow, wherein two particles of the flue gases travel
according two different ways of the same length, and with
the same pressure loss, which ensures a very equal dis-
tribution of the flow.
[0061] Indeed, the travel of the flue gases in the heat
exchanger comprising walls perpendicular to the general
direction of the flow generates turbulences of the flow.
[0062] Hence, each particle of the flue gases travels a
longer distance, as compared to a particle in a straight
flow.
[0063] Furthermore, the turbulences allow a greater
heat transfer between the flue gases and the water. The
flow pattern does not allow badly ventilated zones or sig-
nificantly less loaded flue gas flow which could cause the
local cold spots responsible for local condensation.
[0064] Since the hottest gases enter the heat exchang-
er in the most critical zone - namely, the lower portion of
the boiler, where the water is colder -, the risk of con-
densing is avoided.
[0065] Furthermore, the most critical areas where the
temperature of the flue gases is the lowest are positioned
in the upper region of the boiler, where the temperature
of the water is higher, so that condensing of the flue gases

is also avoided.
[0066] This pattern results in decreasing the temper-
ature of the flue gases at the outlet of the heat exchanger,
as compared to the boilers known in the art.
[0067] The main objective of condensing boiler, with
primary and secondary heat exchanger, is to prevent
condensing with all realistic return water temperatures.
[0068] Water temperatures with reasonable high exit
temperature of the primary heat exchanger can be
achieved by minimal means with this design.
[0069] According to a preferred embodiment, illustrat-
ed on Fig. 5, the orifices 54 of two adjacent walls 53 are
arranged in staggered rows, i.e. the orifices are disposed
longitudinally such that an orifice of a wall faces a plain
surface of the adjacent wall.
[0070] This arrangement with an alternation of the or-
ifices lengthens the distance travelled by the flue gases.
[0071] Furthermore, it increases the turbulence in the
flow of flue gases.
[0072] In hot zones the orifices may be aligned to re-
duce heat transfer, which is typically needed just after
the burning chamber.
[0073] The internal wall 51 functions as well as a hot
chamber surface contributing to the heat transfer by tak-
ing the radiation energy of the flame.
[0074] This energy is transferred through the longitu-
dinal walls 53, giving them already an average temper-
ature above the water temperature, which, combined with
the above described convective heat transfer, results in
increasing the wall temperature above the condensing
point of the flue gas.
[0075] Finally, Fig. 1 shows the sealing line 100 which
completes the performance of the primary heat exchang-
er of this boiler concept by avoiding gaps between cold
boiler parts and a door insulation which done in other
ways would lead to local condensation when flue gas
even smallest quantities would go through these gaps.

Process for manufacturing the heat exchanger

[0076] A process for manufacturing the heat exchang-
er that has been disclosed above will now be described.
[0077] As can be understood, this process is advanta-
geously simple and cheap.
[0078] In a first step, steel sheets 530 having appro-
priate dimensions are provided.
[0079] The sheets 530 have a rectangular shape,
whose length is identical to the longitudinal dimension of
the heat exchanger, and whose width is adapted for form-
ing a U by folding the sheet. The width of the steel sheet
shall thus be twice the height of the longitudinal walls 54
plus the distance between two adjacent walls.
[0080] A second step, shown on Fig. 6, comprises cut-
ting the sheet steel 530 in order to create notches 540
on both lengths of the sheet. The shape and size of the
notches 540 are adapted to the required dimensions of
the orifices 54 for the passage of the flue gases.
[0081] In a third step, the sheet steel 530 is folded ac-
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cording two folding lines 532, thus forming a substantially
U shape, as illustrated on Fig. 7.
[0082] Referring to Fig. 8, both lengths of the folded
sheet steel 530 are then longitudinally welded on the heat
transfer surface 50 of the boiler (i.e. the inside wall 14 of
the burning chamber 1), which is preferably made as well
out of sheet steel. The areas defined by the notches 540
and the heat transfer surface 50 correspond to the orifices
54 for the passage of the flue gases.
[0083] The U-shape steel parts are welded on the heat
transfer surface 50 between the notches 540 either only
by dots or preferably according to a continuous welding
line which ensures a better control of the heat transfer
and wall temperature.

Claims

1. Boiler comprising:

- a burning chamber (1) at least partially sur-
rounded by a volume (2) of water,
- a burner arranged inside the burning chamber
(1), wherein the burner burns a combustible,
thus producing flue gases (4),
- a heat exchanger (5) in a fluidic relation with
the burning chamber (1), said heat exchanger
(5) being separated from the volume (2) of heat
transfer fluid by a heat transfer surface (50) for
transferring heat from the flue gases to the wa-
ter, wherein the heat exchanger (5) comprises
means for controlling the flow of flue gases,

characterized in that said controlling means com-
prise means (53, 54) for creating a turbulent flow of
the flue gases (4) within the heat exchanger (5).

2. Boiler according to claim 1, characterized in that
the heat exchanger (5) comprises two hemi-annular
portions (5a, 5b) surrounding at least a part of the
burning chamber (1), wherein each portion (5a, 5b)
comprises an inlet (52a, 52b) for the flue gases (4)
located in the lower part of the burning chamber (1).

3. Boiler according to claim 1 or claim 2, characterized
in that said means for creating a turbulent flow of
the flue gases within the heat exchanger (5) com-
prise a plurality of longitudinal walls (53) extending
substantially perpendicular to the general direction
of the flow of flue gases (4), wherein each longitudi-
nal wall (53) comprises orifices (54) for the passage
of the flue gases (4).

4. Boiler according to the preceding claim, character-
ized in that the orifices (54) of two adjacent walls
(53) are arranged in staggered or aligned rows.
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