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(57) Abstract: The device comprises a detection arm (7) pivotally placed in the fuel cham-
ber (1) of a heater (20), wherein the end portion (7.1) of the detection arm (7) defines

the level of the residual layer (8) of fuel (2), wherein the detection arm (7) is connected
to a detection deflection element (4). The detection deflection element (4) comprises an
outer arm (10) which is firmly connected to the detection arm (7), wherein the outer arm
(10) is led out of the fuel chamber (1), and wherein a weight (11) is attached to the outer
arm (10). The outer arm (10) is connected to a position sensor (6) or an air flap. From the
point of view of comfort loading of fuel to the fuel chamber (1), a pressing element (16) is
associated with the detection deflection element (4). The pressing element (16) comprises
a cam (15) added to the outer arm (10), wherein the cam (15) is connected to the loading
door (12) by means of a rod (14).
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Device for detection of the optimum residual fuel layer for solid-fuel heaters

Field of the invention

The invention relates to a device for detection of the optimum residual fuel
layer for solid-fuel heaters, in particular boilers with manual loading.

Background of the invention

Many solid-fuel heaters, especially boilers, are equipped with a device enabling
detection of burnout of the loaded fuel to the so-called residual layer. Residual layer
refers to the glowing ember portions remaining from the fuel load. The term base layer
is also used.

If fuel burnout down to the residual Iayer'is detected, the combustion air supply
is completely or largely stopped, and the heater enters the constant glowing state.
Sufficiently large residual layer in this state will keep the fire for several hours. This
allows subsequent restart operation without ignition by simply loading the fuel.
Sufficiently large residual layer is desirable even if it later goes out completely, because

it greatly facilitates firing up by serving as an ignition fuel.

Current known heaters are equipped with a device which typically performs
detection of the residual layer on the basis of various variables: flue gas temperature,
time lapse since the last loading of fuel, amount of oxygen in the flue gas or intensity
of light radiation from the combustion chamber. The disadvantage of all these methods
is relatively high inaccuracy and unreliability. In operation, the detected residual layer
is either too small or too large.

Small residual layer is undesirable due to the loss of steady glowing, or in other
words it shortens the glowing time of the fuel, thus increasing the demand for handling
in reheat operation. Another disadvantage is that in operation with a small residual
layer (at the end of the burning of the fuel load) there is a large excess of air in

combustion, that is, most of the combustion air is not involved in combustion and sends
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heat to the chimney without the desired benefit. Large excesses of air furthermore cool
the burning process, which results in greater production of pollutants, especially carbon
monoxide.

Too large a residual layer is undesirable because it takes up space in the heater
at the expense of the new fuel and contains volatile fuel components that are released
in the form of hydrocarbons, acids, and water vapour during steady glowing shutdowns.
Hydrocarbons pollute the atmosphere and cause clogging of the internal walls of the
heater and chimney, while acids and humidity cause corrosion and thus shorten the
life of the heater and chimney.

The less common method of detection of the residual layer is based on the mass
of the fuel in the heater. This method surpasses the above methods in accuracy and
reliability, however, it places relatively high demands on the design of the heater
because it requires a moving bottom, which brings certain design constraints and
raises the cost of the heater. Another drawback of this detection method is that its
accuracy is adversely affected by ash which gradually accumulates at the bottom of

the fuel chamber of the heater and distorts the information about the mass of residual
fuel.

Detection of the optimum size, or volume or mass of the residual layer is the key
feature of a heater, thanks to which comfort, safety, heater and chimney lives, as well

as overall economy and environmental friendliness are enhanced.

Obiject of the invention

The shortcomings of known devices for the detection of residual layer are largely
eliminated by the device for detection of the optimum residual fuel layer for solid-fuel
heaters according to this invention. The essence of the invention is that it contains a
rotating detection arm pivotally located in the fuel chamber of the heater, wherein the
end portion of the detection arm defines the residual fuel level, and wherein the
detection arm is connected to the detection deflection element. In a preferred
embodiment of the invention, the detection deflection element includes an outer arm

which is firmly connected to the detection arm, wherein the outer arm is led out of the
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fuel chamber of the heater, and a weight is attached on the outer arm. In terms of
heater control, it is preferable to connect the outer arm with a position sensor or an air
flap. From the point of view of the function and comfort of operating the heater, a
preferred embodiment is provided which includes a pressing element connected to the
loading door of the heater. This pressing element, when the door of the fuel chamber
is opened, when the new fuel is loaded, exceeds the torque of the detection deflection
element and rotates the detection arm toward the fuel chamber wall. Adding of this
pressing element is particularly preferable when loading fuel because the detection
arm is deflected into the fuel chamber, which can lead to the fuel during loading being
wedged between the rod and the fuel chamber wall. The detection arm can thus create
an obstacle preventing filling of the fuel chamber with fuel, which may also endanger
the detection of the residual layer. The pressing element thus incréases the reliability
of operation and comfort of the heater operator, who would otherwise have to press
the detection arm against the sidewall of the fuel chamber, e.g. by using the first piece
of loaded fuel.

The advantage of the invention is the accurate and reliable detection of the
optimum size of the residual layer based on its volume in a simple and inexpensive
method which minimally limits the construction of the heater.

Summary of figures in drawings

FIG. 1 Schematic view of the fuel chamber of the heater in a state where the heater is
full of fuel

FIG. 2 Schematic view of the fuel chamber of the heater in a state where there is
a residual fuel layer in the heater

FIG. 3 Schematic view of the fuel chamber of the heater with a detection deflection
element in the shape of an outer arm with a weight and a bosition sensor in a state
where the heater is full of fuel

FIG. 4 Schematic view of the fuel chamber of the heater of FIG. 3, in a state where
there is a residual fuel layer in the heater
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FI1G. 5 Schematic view of the fuel chamber of the heater with a detection deflection
element in the shape of an outer arm with a weight and an air flap in a state where the
heater is full of fuel

FI1G. 6 Schematic view of the fuel chamber of the heater of FIG. 5 in a state where
there is a residual fuel layer in the heater

FIG. 7 Schematic view of the embodiment of the heater of FIGS. 2, 3, with added
pressing element with a rod, wherein the embodiment is shown in a position where the
loading door is open

FIG. 8 Schematic view of the embodiment of the heater of FIGS. 2, 3, with added

pressing element with a rod, wherein the embodiment is shown in a position where the
loading door is closed

Description of embodiments

Based on the exemplary embodiment depicted in Figs. 1 and 2, the device for
detection of the optimum residual layer in the fuel chamber 1 (i.e. in the chamber
intended for combustion or gasification of fuel 2, based on the rotating detection arm
7) is made of refractory steel, e.g. a rectangular profile of dimensions, e.g. 3 x 20 mm,
whose longer wall is parailel to the sidewall 3 of the fuel chamber 1. The detection arm
7 passes through an opening which is approximately in the middle of the sidewall 3 of
the fuel chamber 1. In this opening, there is also a fulcrum 5 of the detection arm 7
realized by the shaft with the detection arm 7 firmly connected, wherein the shaft is
mounted in a pair of bushings firmly connected to the sidewall 3. The detection arm 7,
in the state where fuel 2 is in the heater 20, is in close proximity to the sidewall 3 and
is oriented vertically downwards (i.e. the end portion 7.1 of the detection arm 7 is
located close to the sidewall 3). The end portion 7.1 of the detection arm 7 is located
at a height level corresponding to the level of the residual layer 8 of fuel 2. The
detection arm 7 is in contact with the detection deflection element 4.

The exemplary embodiment of Figs. 3 and 4 shows a specific example of design
of the detection deflection element 4. The detection deflection element 4 is formed by
an outer arm 10 which is firmly connected to the detection arm 7 at a fulcrum 5.
A weight 11 is attached to the end of the outer arm 10. The outer arm 10 is located
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outside the fuel chamber 1 of the heater 20. The outer arm 10 is connected to a position

sensor 6 which is connected to a control unit of the heater 20 (not shown).

The exemplary embodiment of Fig. 5 shows another specific example of design
of the detection deflection element 4, which in this case is formed by an outer arm 10

directly connected to an air flap 9 on the combustion air inlet into the fuel chamber 1.

The exemplary embodiment of Figs. 7 and 8 shows the heater design of Figs. 2
and 3, supplemented by a pressing element 16. This pressing element 16 consists of
a cam 15 pivotally mounted on a jib 13 which is located under the outer arm 10. The
cam 15 is firmly connected to the control arm 15.1, where at its free end the lower end

of the rod 14 is pivotally mounted. The upper end of the rod 14 is pivotally mounted to
the eccentric 12.1 of the loading door 12.

Other variants of the embodiment of the invention are also possible, wherein the
detection deflection element 4 can be implemented in a variety of ways. The deflection
function can be provided by a spring, a motor or other element acting on the detection
arm 7 via torque. The detection function can be provided, e. g. by means of an optical,
inductive or other element, which allows detecting the deflection of the detection arm
7 towards the fuel chamber 1 of the heater 20. The fulcrum 5 may be located near
other than the sidewall 3, e.g. near the upper wall (ceiling) of the fuel chamber 1. The
detection arm 7 may have different profiles, shapes, angles of rotation, etc. The
pressing element 16 may, in addition to the loading door 12, be connected, e.g. with
the fuel feeder, short-circuit flue gas flap or with another part of the heater 20. Likewise,
the mechanism of the pressing element 16 can be implemented in a variety of ways,
instead of the cam 15, it is possible to use a rod, cable or other element to ensure that
the detection arm 7 is pressed against the sidewali before loading.

The function of the device in Fig. 1, 2 is as follows: The detection deflection
element 4 is permanently acting on detection arm 7 by means of a torque, the effect of
which, in the state of no fuel in the boiler (Fig. 2), is that the detection arm 7 is leaning
into the fuel chamber 1. After loading fuel 2 (Fig. 1) into the heater 20, however, the
torque of the detection deflection element 4 is overcome by the pressure of fuel 2. This

fuel 2 pushes the detection arm 7 against the sidewall 3 of the fuel chamber 1 of the
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heater 20. As the fuel 2 keeps burning, its level drops in fuel chamber 1. As a result,
the detection arm 7 starts to be exposed from above. When the detection arm 7 is fully
exposed and ceases to be pressed by the fuel 2, it will cause the detection arm 7 to
rotate in the direction from the sidewall 3 into the fuel chamber 1 as a result of torque
of the detection deflection element 4. By this rotation (approximately 45° in the present
example) the residual layer 8 of fuel 2 is detected.

In the specific example of embodiment in Figs. 3 and 4, the method of detection
of fuel burnout in the fuel chamber 1 is the same as that described in Figs. 1 and 2,
wherein the rotation of the detection arm 7 after burnout of fuel 2 is caused by the
torque applied by the outer arm 10 with the weight 11 acting on the detection arm 7.
By this rotation, the outer arm 10 simultaneously activates the position sensor 6. The
position sensor 6 provides a signal to the controller (not shown) of the heater 20 which
closes the combustion air supply to the heater 20. Closing of the combustion air supply
may be either complete or substantial (a small amount of air will continue to flow into
the heater 20 to ensure that the residual layer does not go out). Closing of the air
supply can be either immediate or with a time delay (the size of the residual layer 8 is
controlled by the length of the time delay).

In another specific example of embodiment in Figs. 5 and 6, the method of
detection of fuel burnout in the fuel chamber 1 is the same as that described for
embodiment in Figs. 3 and 4, wherein rotation of the outer arm 10 results directly in
closing the combustion air supply to the heater 20 by the air flap 9.

In the example of embodiment in Figs. 7 and 8, the method of detection of fuel
burnout in the fuel chamber 1 is the same as that described in embodiment in Figs. 1
to 6, wherein the said préssing element 16 works so that by opening the loading door
12 (Fig. 7) the eccentric 12.1 is rotated clockwise, which moves the rod 14 in an
obliquely upward direction. The rod 14, by means of the control arm 15.1, rotates the
cam 15 counter clockwise, whereby the cam 15 lifts the outer arm 10. As a result, the
detection arm 7 is pressed against the sidewall 3 of the fuel chamber 1 of the heater
20, and thus does not prevent the fuel 2 from being loaded. By closing the loading door
12 (Fig. 8), the pressing element 16 is set to a position where the movement of the
outer arm 10 and thereby also of the detection arm 7 is not limited.
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CLAIMS

1. A device for detection of the optimum residual layer (8) of fuel (2) for solid fuel

heaters (20), characterized in that it comprises a detection arm (7) pivotally
located in the fuel chamber (1) of a heater (20), wherein the end portion (7.1) of the
detection arm (7) defines the level of the residual layer (8) of fuel (2), and wherein
the detection arm (7) is connected to a detection deflection element (4).

. A device according to claim 1, characterized in that the detection deflection
element (4) comprises an outer arm (10) which is firmly connected to the detection
arm (7), wherein the outer arm (10) is led out of the fuel chamber (1), and wherein
on the outer arm (10) a weight (11) is attached.

. A device according to claim 2, characterized in that the outer arm (10) is
connected to a position sensor (6).

. A device according to claim 2, characterized in that the outer arm (10) is
connected to the air flap (9).

. A device according to claims 1 to 4, characterized in that the detection deflection
element (4) is associated with a pressing element (16).

. A device according to claim 5, characterized in that the pressing element (16)
consists of a cam (15) associated with the outer arm (10), wherein the cam (15) is
connected to the loading door (12) by means of a rod (14).



Fig.2

m/ R
A
W
i

\

2N

7

1/2



PCT/CZ2018/000052

WO 2019/086057

F1g.8

Fig./

2/2



INTERNATIONAL SEARCH REPORT

International application No.
PCT/CX2018/000052

A.. CLASSIFICATION OF SUBJECT MATTER

F23N 3/00; F23N 5/26; GOSG 15/00; GOSG 17/00; F24B 1/08;

According to International Patent Classification {IPCY or to both national classification and IPC

B. FIELDS SEARCHED

F23N; GO5G; F24B;

Minimum documnentation searched (classihication system followed by classification symbols)

Database IPO CZ

Documentation searched other than minimum documentation to the cxient that such documents are included in the lields searched

Eleetronic data base consulted during the nfernational search (name of data base and, where practicable, search ferms used)
EPOQUENET (EPODOC}, STN (INPADQC, DWPI, COMPENDEX, IN SPEC)

detect+, deterniint, controfling+, residual+, fuel+, solid, snesort,

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™® Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 4442825 A (Waldau Geoffrey) (US) 1
17 April 1984 (1984-04-17)
A * page 4, lines 20~ 63, figures 1. 2 % 2t0 6
A CZ 24378 U (Verner Robert), (CZ) Ttoé
& October 2012, {2012-10-8)
*whole document®
A KR 20140065518 A (Korea Energy Research), {KR) tto6
30 May 2014 (2014-30-5)
* whole document*
A JP 2066070872 A (CHUGOKU ELECTRIC POWER) (JP) 1106
16 March 2006 {2006-03-16)
* whole document™®

£ Purther documents are Jisted in the continuation of Box C.

& See patent family annex.

* Special vategories of cited documents:

AT document defining the peneral state of the art which is not
considered to be of particutar relevance

“E” earlier application or patent but published on or after the
international {iling date

L7 document which may throw doubts on priority claina(s) or which is
cited to establish the publication date of another citation or other spectal
reason (as specified)

O™ document referring to an oral disclosure, use, exhibition or other
means

P document published prior to the international filing date but later
ihan the priority date claimed

T later document published after the international filing date or priority date
and not in conflict with the application but cited to wnderstand the principle or
theory underlying the invention

“X" document of particular relevance; the claimed invention cannot be
considerad novel or cannot be considered 1o involve an inventive step when
the document is taken afone

“Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the docusment is combined with
one of maore other such documents, such combination being obvious to a
persorskitled in the ant

“&” document member of the same patent famity

Date of the actual completion of the international search

(7 december 2018 (07.12.2018)

Date of mailing of the international search report

1 February 2019(01.02.2019)

Name and mailing address of the SA/
VISEGRAD PATENT INSTITUTE

Branch (fice CZ

Antonina Cermika 2a, 160 68 Praha
Czech Republic

Facsimile No. +420 224 324 718

Authorized officer

Ing. Nikolay Nikolov

Telephone No.  +420 220 383 442

Form PCT/ISA/218 (second sheet) (January 2013)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.
PCT/CZ2018/000052

US 4442825 A
CZ 24378 9]

KR 20140065518 A

JP 2006070872 A

1984-04-17

2012-10-08

2014-30-05

2006-03-16

NONE

NONE

NONE

NONE

Form PCTASA/ZIO (patent family annex) (January 201 5)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - claims
	Page 10 - drawings
	Page 11 - drawings
	Page 12 - wo-search-report
	Page 13 - wo-search-report

