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Description

[0001] The invention concerns a method of protecting
the sieve wall of the combustion chamber of a fired heat
exchanger, and a fired heat exchanger fitted with protec-
tion of the sieve wall of the combustion chamber. The
solution is applicable to all devices equipped with fired
heat exchangers, and particularly in boilers of domestic
water heating installations.

[0002] In fired heat exchangers, the fumes which form
in the combustion chamber flow through the ducts con-
nected to the combustion chamber through the sieve wall
and heat the water flowing around the ducts in the water
chamber. Known are many structures of such heat ex-
changers and device systems employing heat exchang-
ers of the type. Different structures and shapes of indi-
vidual structural elements of heat exchangers are used
to adjust them to specific locations of their application
and aimed at improving their heat parameters. In partic-
ular, known are different solutions in which the purpose
of specific shapes and mutual positioning of individual
elements of the exchanger is to improve effectiveness of
heatexchange, economise on the materials, etc. Usually,
devices fitted with fired heat exchangers work in systems
which enable measuring the temperature of the fumes
and the water they heat, where the operation of such
elements as the fuel valve, exhauster, or ignition elec-
trode are controlled according to the measured temper-
ature. The precipitation which occurs when the device
fitted with a fired heat exchanger is in operation leads to
accumulation of deposit (the so-called limescale) on the
sieve wall of the combustion chamber on the side of the
water chamber. Limescale is a good insulator, and when
accumulated on the sieve surface it prevents heat trans-
fer from the sieve surface to water. Hence, an excessive
build-up of limescale not only deteriorates heat parame-
ters of the heat exchanger, but may also cause damage
to the sieve wall in effect of overheating. To prevent it,
permissible working times are defined for specific types
of devices fitted with fired heat exchangers, after the
lapse of which the device should be switched off and the
limescale removed. This is the only heretofore known
way to protect the sieve wall of the combustion chamber
fromdamage, frequently ineffective though, as the device
users tend not to comply with the maintenance instruc-
tions.

[0003] Know from the international patent application
published under No. WO 2012/158050 A1 is the fired
heat exchanger comprising an outer jacket which encas-
es a set of vertically running pipe elements anchored in
sieve walls on both ends, a gas combustion chamber
positioned over the upper sieve wall and a baffle mounted
crosswise to the pipe elements.

[0004] The heatexchangerdisclosed in publication US
2012/0138278 has an outer jacket with an inner set of
vertical pipe elements fastened at their opposing ends in
upper and lower sieve walls, gas combustion chamber
located above the upper sieve wall and partitions mount-
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ed crosswise of the pipe elements according to the pre-
amble of the indpendent claims. The main components
in the structure of fired heat exchangers known to date
are: the combustion chamber with a sieve bottom, and
fume ducts in the water chamber connected to the sieve
bottom. The whole system is encased in the outer jacket
and closed with the cover of the combustion chamber; it
is fitted with water inlet and outlet, fume exhaust, and
burner elements. Such heat exchangers usually work in
systems fitted with temperature sensors at the water inlet
and outlet, as well as valve sets and a unit which controls
the functioning of the exchanger. In known fired heat ex-
changers the protection of the sieve wall of the combus-
tion chamber is ensured by appropriate pre-treatment of
water or selection of specific shapes for individual struc-
tural elements, which is intended to reduce limescale ac-
cumulation. There are no fired heat exchangers known
today in which the sieve wall of the combustion chamber
would be entirely protected from damage caused by the
accumulating limescale, irrespective of the shapes, siz-
es, or mutual arrangement of key elements of the heat
exchanger.

[0005] The method of protecting the sieve wall of the
combustion chamber of a fired heat exchanger, consist-
ing in the removal, in any known way, of limescale accu-
mulating on the sieve wall of the combustion chamber
on the side of the water chamber according to the inven-
tion consists in that before a fired heat exchanger is start-
ed, the control unit of the fired heat exchanger is prepro-
grammed with a threshold temperature Tg defined for the
sieve wall of the combustion chamber, whereupon, dur-
ing the operation of the fired heat exchanger, the actual
temperature T, of the sieve wall of the combustion cham-
ber is measured on the side of the water chamber using
an additional temperature sensor. The signal from the
additional temperature sensor is transmitted to the con-
trol unit and processed, following which the value of the
actual temperature T, is compared against the threshold
temperature Tg. When both temperature values are
equal, the control unit generates an alarm signal which
informs that the fired heat exchanger should be/ is being
switched off. Then, once the fired heat exchanger is off,
the limescale accumulated on the sieve wall of its com-
bustion chamber is removed in any known way.

[0006] The generated alarm signal is the main control
signal which automatically closes the valve supplying fuel
to the fired heat exchanger.

[0007] Preferably, the main control signal transmitted
from the control unit is accompanied by an additional
signal which starts light and/or sound message in the
signaling unit.

[0008] Inoneofthe embodiments, the generated alarm
signal is an acoustic and/or sound signal only, in re-
sponse to which the heat exchanger is switched off man-
ually.

[0009] Preferably, the actual temperature T, of the
sieve wall is measured and recorded on a continuous
basis.
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[0010] In another embodiment, the actual temperature
T, of the sieve wall is measured and recorded cyclically
at predetermined intervals.

[0011] The fired heat exchanger with protection of the
sieve wall of the combustion chamber, fitted with an outer
jacket which encases the combustion chamber, to which
fume ducts placed in the water chamber adjacent to the
combustion chamber are connected through the sieve
wall and where the fired heat exchanger is connected to
the control unit, according to the invention, is character-
ised in that it is fitted with an additional temperature sen-
sor mounted in the socket on the sieve wall of the com-
bustion chamber on the side of the water chamber and
connected, either via a wire or wirelessly, to the control
unit, which is not a part of the fired heat exchanger.
[0012] Theadditionaltemperature sensoris connected
to the control unit via a connecting wire led through the
pass-through port fixed tightly in the wall of the outer jack-
et.

[0013] In the first embodiment the socket of the addi-
tional temperature sensor is a separate element fixed to
the sieve wall.

[0014] In another embodiment the socket of the addi-
tional temperature sensor takes the form of an indenta-
tion in the sieve wall.

[0015] In yet another embodiment of the exchanger
the additional temperature sensor is wireless.

[0016] The method and the heat exchanger according
to the invention solve the problem of ensuring reliable
and effective protection of the sieve wall of the combus-
tion chamber from damage caused by overheating, what-
ever the fired heat exchanger type and irrespective of
reckless maintenance.

[0017] An exemplary embodiment of the solution ac-
cording to the invention is shown on the drawing where
Fig. 1 depicts the diagram of the system in which the
exchanger works, Fig. 2 shows a fragment of the heat
exchanger with the sieve wall protection in the first em-
bodiment, Fig. 3, Fig. 4, Fig. 5 and Fig. 6 - the exchanger
sieve wall in embodiment two, three, four, and five, re-
spectively.

[0018] An exemplary method of protecting the sieve
wall is executed in the system shown on Fig. 1. A fired
heat exchanger 1 is fitted with an outer jacket 2, inside
which there is the combustion chamber 3 and water
chamber 4 separated with a sieve wall 5, and equipped
with inlet and outlet stub pipes for the supply and dis-
charge of water and fumes. The exchanger is fitted with
valve 6 which supplies the fuel, blower 7 and ignition
electrode 8, all connected to the control unit 9. Other
elements connected to the control unit 9 are: sensor one
of temperature T1 at the water outlet, sensor two of tem-
perature T2 atthe waterinlet, sensorthree of temperature
T3 at the fume outlet, and an additional sensor of tem-
perature T4 mounted on the sieve wall 5 of the combus-
tion chamber 3, on the side of the water chamber 4. The
control unit 9 is pre-programmed with the operation pa-
rameters forthe specific fired heat exchanger 1, and then,
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when the exchanger is in operation, the first, second, and
third sensor of temperatures T1, T2, and T3 send infor-
mation to the control unit 9, i.e. the temperature of water
atinlet and outlet, temperature of fumes discharged from
the exchanger, and the data concerning the water flow
rate. The data are processed in a knownway in the control
unit 9 to signal Sg which controls the functioning of valve
6 through which the fuel is supplied and of blower 7 by
selecting an optimal fuel and air mix, and the gas flow
rate. Before starting the device, the control unit 9 is also
pre-programmed with the threshold value of temperature
Tg of the sieve wall 5, defined for the specific fired heat
exchanger 1. In the exemplary embodiment Tg =130°C.
After the device containing a fired heat exchanger 1 has
been started, the actual temperature T, of the sieve wall
5 on the side of the water chamber 4 is measured con-
tinuously by an additional sensor of temperature T4. The
data are recorded and processed in the control unit 9
where the measured actual temperature T, is compared
against the adopted threshold temperature Tg. When the
device is working, limescale builds-up gradually on the
sieve wall 5 which constitutes the bottom of the combus-
tion chamber 3, on the side of the water chamber 4, thus
reducing the reception of heat by the water flowing
around the sieve wall and in consequence increases the
temperature of the sieve wall 5. When the actual temper-
ature T, becomes the same in value as the threshold
temperature Tg, i.,e.whenT, = Tg, the control unit 9 gen-
erates an alarm signal off transmitted to valve 6, blower
7, and ignition electrode 8 in the form of the main control
signal Sg. The main control signal Sg closes valve 6
which supplies the fuel and switches off the blower 7
which supplies air to the mix burnt in the combustion
chamber 3. This switches the exchanger off automatical-
ly. Atthe same time an additional signal Sp, is transmitted
from the control unit 9 to the signaling unit 10, which
switches on a light message, such as a text communica-
tion on the display of the signaling unit 10, informing that
maintenance of the device is required. The additional sig-
nal Sp may also trigger an acoustic alarm. Once the de-
vice is switched off automatically as described above,
the limescale built-up on the sieve wall 5is removed. This
is done under any known technology appropriate for the
specific installation and type of the deposit. The installa-
tion should be disconnected from the water circulation
system which should then be filled with an appropriate
solution of a deposit-dissolving preparation. Once the de-
scaling and flushing is complete, the installation is re-
connected to the water circulation system in which the
device containing the fired heat exchanger works.

[0019] The heat exchanger with the protection of the
sieve wall in the exemplary embodiment is a fired heat
exchanger 1 of a condensing boiler used in domestic
central heating installations, connected to the control unit
9. The exchanger is equipped with a cylindrical outer jack-
et 2 which encases the water chamber 4 having a cylin-
drical combustion chamber 3 installed in its upper part.
Forming the bottom of the combustion chamber 3 is the
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sieve wall 5 with openings in which vertical pipes are
anchored to serve as ducts 11 in which the fumes formed
in the combustion chamber flow through the water cham-
ber 4. The sieve wall 5 is conical in shape with its apex
pointing down. In the first exemplary embodiment shown
on Fig. 2, there is a socket 12 accommodating the addi-
tional sensor of temperature T4 fixed at the edge of the
surface of the sieve wall 5, on the side of the water cham-
ber 4. The terminal 13 of the additional sensor of tem-
perature T4 is led through the pass-through port 14 fixed
tightly to the wall of the outer jacket 2 and then connected
via awire to the control unit9. Socket 12 is wedge-shaped
and the additional sensor of temperature T4 and its ter-
minal 13 are positioned horizontally. Fig. 3 and Fig. 4
show two embodiments in which the additional sensor of
temperature T4 is positioned at an angle, parallel to the
conical sieve wall 5, where the sensor socket 12 takes
the form of an appropriately shaped indentation in the
sieve wall 5. In another embodiment shown on Fig. 5 the
additional sensor of temperature T4 with the terminal 13
is positioned at an angle slanting downwards inside the
water chamber 4, where its measurement head is fixed
in the socket 12 formed in the sieve wall 5, and the ter-
minal 13 has wires 15 led outside through the pass-
through port in the wall of the outer jacket 2. The solution
can also be executed using an additional wireless sensor
oftemperature T4, as shown on Fig. 6 In thisembodiment
the signals containing information on the measured ac-
tual temperature T, are transmitted wirelessly from the
additional sensor of temperature T4 to the control unit 9.
[0020] In the exemplary embodiments the exchanger
will be switched-off automatically by the control unit when
the temperature of the sieve wall rises by ca. 100°C
above its temperature measured in a limescale-free ex-
changer.

[0021] The described embodiments do not exhaust all
possible structural variants of either fired heat exchang-
ers, or fixings of the additional temperature sensor to the
sieve wall through which the combustion chamber is con-
nected with the ducts in which the fumes flow in exchang-
ers of the type.

Claims

1. A method of protecting the sieve wall of the combus-
tion chamber of a fired heat exchanger, consisting
in the removal, in any known way, of limescale ac-
cumulating on the sieve wall of the combustion
chamber on the side of the water chamber, charac-
terised in that before a fired heat exchanger is start-
ed, the control unit (9) of the fired heat exchanger
(1) is preprogrammed with a threshold temperature
Tg defined for the sieve wall (5) of the combustion
chamber (3), whereupon, during the operation of the
fired heat exchanger (1) the actual temperature T,
of the sieve wall (5) of the combustion chamber (3)
is measured on the side of the water chamber (4)
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using an additional temperature sensor (T4), the sig-
nal from which is transferred to the control unit (9)
and processed, following which the value of the ac-
tual temperature T, is compared against the thresh-
old temperature Tg, and when both temperature val-
ues are equal, the control unit (9) generates an alarm
signal off of the fired heat exchanger (1); once the
fired heat exchanger (1) is off, the limescale accu-
mulated on the sieve wall (5) of its combustion cham-
ber (3) is removed in any known way.

The method according to Claim 1, characterised in
that the generated alarm signal is the main control
signal (Sg) which automatically closes the valve (6)
supplying fuel to the fired heat exchanger (1).

The method according to Claim 2 characterised in
that the main control signal (Sg) transmitted from
the control unit (9) is accompanied by an additional
signal (Sp) which starts a light and/or sound mes-
sage in the signaling unit (10).

The method according to Claim 1 characterised in
thatthe generated alarm signal is an acoustic and/or
sound signal, in response to which the heat exchang-
er (1) is switched off manually.

The method according to Claims 1 -4 characterised
in that the actual temperature T, of the sieve wall
(5) is measured and recorded on a continuous basis.

The method according to Claims 1 -4 characterised
in that the actual temperature T, of the sieve wall
(5) is measured and recorded cyclically at predeter-
mined intervals.

A fired heat exchanger with protection of the sieve
wall of the combustion chamber, fitted with an outer
jacket (2) which encases the combustion chamber
(3), to which the fume ducts (11) placed in the water
chamber (4) adjacent to the combustion chamber (3)
are connected through the sieve wall (5) and where
the fired heat exchanger is connectable to a control
unit (9), characterised in that it is fitted with an ad-
ditional temperature sensor (T4) mounted in the
socket (12) on the sieve wall (5) of the combustion
chamber (3) on the side of the water chamber (4)
and connectable, either via a wire or wirelessly, to
the control unit (9), which is not a part of the fired
heat exchanger.

The fired heat exchanger according to Claim 7, char-
acterised in that the additional temperature sensor
(T4) is connectable to the control unit (9) via a ter-
minal (13) led through the pass-through port (14)
fixed tightly in the wall of the outer jacket (2).

The fired heat exchanger according to Claim 8, char-
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acterised in that the socket (12) of the additional
temperature sensor (T4) is a separate element fixed
to the sieve wall (5).

The fired heat exchanger according to Claim 8, char-
acterised in that the socket (12) of the additional
temperature sensor (T4) takes the form of an inden-
tation in the sieve wall (5).

The fired heat exchanger according to Claim 7, char-
acterised in that the additional temperature sensor
(T4) is wireless.

Patentanspriiche

1.

Verfahren zum Schutz der Siebwand der Verbren-
nungskammer eines beheizten Warmetauschers,
wobei die Kesselsteinschicht an der Siebwand der
Verbrennungskammer von der Wasserseite mit ei-
nem bekannten Verfahren entfernt wird, dadurch
gekennzeichnet, dass vordem Einschalten des be-
heizten Warmetauschers (1) der vorgegebene Wert
der Grenztemperatur Tg der Siebwand (5) der Ver-
brennungskammer (3) in die Steuerung (9) des be-
heizten Warmetauschers (1) eingegeben wird und
beim Betrieb des beheizten Warmetauschers (1) die
aktuelle Temperatur T, der Siebwand (5) der Ver-
brennungskammer (3) von der Seite der Wasser-
kammer (4) mittels eines zusatzlichen Temperatur-
fuhlers (T4) gemessen wird und das Fuhlersignal zur
Steuerung (9) uUbertragen wird, wobei der Wert der
aktuellen Temperatur T, verarbeitet und mit dem
Wert der Grenztemperatur Ty verglichen wird und
wenndie beiden Temperaturen gleich sind, die Steu-
erung (9) ein Alarmsignal zum Ausschalten des be-
heizten Warmetauschers (1) generiert wird und nach
dem Ausschalten des Warmetauschers die Kessel-
steinschicht nach dem bekannten Verfahren von der
Siebwand (5) der Verbrennungskammer (3) entfernt
wird.

Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass als das Alarmsignal das Hauptsteu-
erungssignal (Sg) generiert wird, das das Brenn-
stoffzufuhrventil (6) des beheizten Warmetauschers
(1) automatisch schlief3t.

Verfahren nach Anspruch 2, dadurch gekenn-
zeichnet, dass zusammen mit dem Steuerungssi-
gnal (Sg) die Steuerung (9) das zusétzliche Signal
(Sp) sendet, das im Signalgeber (10) ein Licht-
und/oder Tonsignal einschaltet.

Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass als das Alarmsignal ein Licht- oder
Tonsignal fir das manuelle Ausschalten des Wér-
metauschers (1) generiert wird.
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5.

10.

1.

Verfahren nach Anspruch 1 - 4, dadurch gekenn-
zeichnet, dass die aktuelle Temperatur T, der Sieb-
wand (5) standig gemessen und aufgezeichnet wird.

Verfahren nach Anspruch 1 - 4, dadurch gekenn-
zeichnet, dass die aktuelle Temperatur T, der Sieb-
wand (5) regelmaBig in vorgegebenen Intervallen
gemessen und aufgezeichnet wird.

Beheizter Warmetauscher mit Schutz der Siebwand
der Verbrennungskammer, der tber eine Verbren-
nungskammer (3) im AulRenmantel (2) verfugt, mit
welcher Uber die Siebwand (5) Abgaskanale (11)
verbunden sind, die in der Wasserkammer (4) an-
gebracht sind, die an der Verbrennungskammer (3)
anliegt, wobei der beheizte Warmetauscher mit der
Steuerung (9) verbunden ist, dadurch gekenn-
zeichnet, dass er iber einen zusatzlichen Tempe-
raturfiihler (T4) im Sitz (12) an der Siebwand (5) der
Verbrennungskammer (3) auf der Seite der Wasser-
kammer (4) verfugt, das drahtgebunden oder kabel-
los mit der Steuerung (9) verbunden ist, welche nicht
zum Warmetauscher gehort.

Beheizter Warmetauscher nach Anspruch 7, da-
durch gekennzeichnet, dass der zusatzliche Tem-
peraturfihler (T4) mit der Steuerung (9) drahtgebun-
den uber den Anschluss (13) und die in der Wand
des AulRenmantels (2) dicht eingebaute Durchfiih-
rung (14) verbunden ist.

Beheizter Warmetauscher nach Anspruch 8, da-
durch gekennzeichnet, dass der Sitz (12) des zu-
satzlichen Temperaturfihlers (T4) ein separates
Element darstellt, das an der Siebwand (5) montiert
ist.

Beheizter Warmetauscher nach Anspruch 8, da-
durch gekennzeichnet, dass der Sitz (12) des zu-
satzlichen Temperaturfihlers (T4) als eine Vertie-
fung der Siebwand (5) ausgefuhrt ist.

Beheizter Warmetauscher nach Anspruch 7, da-
durch gekennzeichnet, dass der zusatzliche Tem-
peraturfihler (T4) ein kabelloser Fuhler ist.

Revendications

Procédé de protection de la paroi de tamis de la
chambre de combustion d’un échangeur de chaleur
a combustion consistant a I'enlévement avec cha-
que méthode connue d’une couche de calamine dé-
posée sur la paroi de tamis de la chambre de com-
bustion du c6té de la chambre d’eau, caractérisé
en ce que, avant le démarrage de I'’échangeur de
chaleur a combustion (1), une valeur prédéterminée
de température limite T de la paroi de tamis (5) de
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la chambre de combustion (3) est introduite a 'unité
de commande (9) de I'échangeur de chaleur a com-
bustion (1), et pendant I'exploitation de I'échangeur
de chaleur a combustion (1) la température actuelle
T, de la paroi de tamis (5) de la chambre de com-
bustion (3) du c6té de la chambre d’eau (4) est me-
surée au moyen d’un capteur de température sup-
plémentaire (T4), dont le signal est envoyé a l'unité
de commande (9), la valeur de température actuelle
T, est traitée et comparée avec la valeur de tempé-
rature limite Tg, et aprés I'alignement de ces tempé-
ratures un signal d’alarme pour l'arrét de I'échangeur
de chaleur a combustion (1) est généré par l'unité
de commande (9), et ensuite, apres son arrét, la cou-
che de calamine a partir de la paroi de tamis (5) de
la chambre de combustion (3) est enlevée avec une
méthode connue.

Le procédé selon la revendication 1 caractérisé en
ce que, en tant que signal d’alarme, un signal de
commande principal (Sg) est généré, quiferme auto-
matiquement la soupape (6) d’alimentation en car-
burant a 'échangeur de chaleur a combustion (1).

Le procédé selon larevendication 2, caractérisé en
ce que, en méme temps que le signal de commande
principal (Sg), un signal supplémentaire (Sp) esten-
voyé de l'unité de commande (9) qui active un mes-
sage lumineux et ou sonore dans le générateur de
signaux (10).

Le procédé selon larevendication 1, caractérisé en
ce que, en tantque signal d’alarme, un signal acous-
tique et / ou sonore est généré, sur la base duquel
I'échangeur de chaleur (1) est arrété manuellement.

Le procédé selon la revendication 1 - 4 caractérisé
en ce que la température actuelle T, de la paroi de
tamis (5) est mesurée et enregistrée en continu.

Le procédé selon la revendication 1 - 4 caractérisé
en ce que la température actuelle T, de la paroi de
tamis (5) est mesurée et enregistrée cycliquement
a des intervalles de temps prédéterminés.

Echangeur de chaleur & combustion pourvu d’une
protection de la paroi de tamis de la chambre de
combustion comportant a I'intérieur de la chemise
extérieure (2) une chambre de combustion (3) avec
laquelle, par I'intermédiaire de la paroi de tamis (5)
sont reliés les canaux (11) d’écoulement de gaz si-
tués dans la chambre d’eau (4) adjacente a la cham-
bre combustion (3), '’échangeur de chaleur a com-
bustion étant relié a une unité de commande (9),
caractérisé en ce qu’il est muni d’'un capteur de
température supplémentaire (T4) placé dans le sie-
ge (12) sur la paroi de tamis (5) de la chambre de
combustion (3) du cété de la chambre d’eau (4) et
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10.

1.

relié par cable ou sans fil a 'unité de commande (9),
qui ne fait pas partie de I'échangeur de chaleur.

Echangeur de chaleur & combustion selon la reven-
dication 7, caractérisé en ce que le capteur de tem-
pérature supplémentaire (T4) est relié par cable a
I'unité de commande (9) par l'intermédiaire d’'un rac-
cordement (13) mené a travers un port de passage
(14) intégré de maniere étanche dans la paroi de la
chemise extérieure (2).

Echangeur de chaleur & combustion selon la reven-
dication 8, caractérisé en ce que le siege (12) du
capteur de température supplémentaire (T4) cons-
titue un élément séparé fixé a la paroi de tamis (5).

Echangeur de chaleur & combustion selon la reven-
dication 8, caractérisé en ce que le siege (12) du
capteur de température supplémentaire (T4) cons-
titue un évidement formé dans la paroi de tamis (5).

Echangeur de chaleur & combustion selon la reven-
dication 7, caractérisé en ce que le capteur de tem-
pérature supplémentaire (T4) est un capteur sansfil.
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Fig.3

Fig.4
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Fig.6



EP 3 227 617 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* WO 2012158050 A1 [0003]  US 20120138278 A [0004]

10



	bibliography
	description
	claims
	drawings
	cited references

