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(57)  Fireplacesandfireplaceinserts for solid fuel with
increased thermal efficiency and reduced emissions of
solid pollutants achieved by modifying the flue pathways
and intensifying heat transfer from combustion products
to the surroundings. Modifications of the flue pathways
mainly consist in the placement of directing elements (8,
10) to direct combustion products in the flue and the in-
stallation of heat exchange surfaces between the flue
and the surroundings.

FIREPLACE AND FIREPLACE INSERT FOR SOLID FUEL

A method of increasing the thermal efficiency and
reducing emissions of solid pollutants of fireplaces and
fireplace inserts for solid fuel by reducing the speed of
flow of combustion products in the flue pathways and
reducing the temperature of combustion products in the
flue pathways by transferring heat through heat-conduct-
ing walls of the flue pathways to the surrounding envi-
ronment.
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Description
Technical Field

[0001] The invention relates to fireplaces and fireplace
inserts for solid fuel with increased thermal efficiency and
reduced emission of solid pollutants and a method for
increasing their thermal efficiency and reducing the emis-
sion of solid pollutants and it belongs to the field of thermal
technology.

Background Art

[0002] Among the mostimportant utility parameters of
heatsources, whichinclude fireplace inserts and fireplac-
es for solid fuel, are their thermal efficiency and the
amount of emitted solid pollutants. In order to increase
the effective use of fuel and reduce harmful emissions
arising in the process of fuel combustion, it is important
to increase the efficiency of fuel combustion and, conse-
quently, to maximize the use of heat generated in the
combustion process.

[0003] Various constructions of combustion chambers
and flue pathways of fireplace inserts and fireplaces for
solid fuel are known from the state of the art, which are
mainly characterized by the incorporation of various ad-
ditional directing elements (deflectors) directing the flow
of combustion products in such manner that the stay of
gaseous products of combustion in the space of the heat
source is prolonged and thus the temperature of outgoing
combustion products is reduced due to the transfer of
part of their enthalpy content to the surroundings of the
heat source. The disadvantage of the solutions known
so faris the low efficiency of exhausting the heat of com-
bustion products to the surroundings because of the
small or no heat exchange area of the flue pathway with
the surroundings.

[0004] EP 2 418 426 B1 discloses a fireplace insert
and a fireplace stove with a device for increase of heat
efficiency and reduction of emissions by incorporating
directing elements to direct the flow of combustion prod-
ucts. The disadvantage of this invention is that it has a
very small heat exchange area of the flue pathway with
the surroundings.

[0005] The aim of the present invention is to create
fireplaces and fireplace inserts that enable increased
capture of solid pollutants in the areas of flue pathways
and also to increase their thermal efficiency by reducing
the temperature of combustion products through inten-
sive heat transfer and radiation to the surroundings even
before combustion products enter the chimney.

Nature of Invention

[0006] The present invention solves an increase in
thermal efficiency and a reduction in the emission of solid
pollutants from fireplace inserts and fireplaces for solid
fuel by means of adjusting a flue pathways and intensi-
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fying the heat transfer from combustion products to the
surroundings even before combustion products enter a
chimney. By the term combustion products, a mixture of
flue gas and solid pollutants is meant.

[0007] Fireplaces and fireplace inserts for solid fuel
with increased thermal efficiency and reduced emissions
of solid pollutants containing a combustion chamber and
a flue pathway according to the present invention, the
nature of which is that between a back wall and an upper
wall of the combustion chamber there is an adjustable
gap designed for exhausting combustion products from
the combustion chamber into the flue pathway and the
flue pathway has the following construction:

In the first part of the flue pathway there is a settling
space, which is bounded by a part of the back wall of the
combustion chamber and a part of a back wall of the flue
pathway made of a heat-conducting material. The com-
bustion product flow directing element A is located in this
settling space. This directing element is located opposite
the adjustable slot and directs the flow of combustion
products in such manner that in the settling space they
flow from the adjustable slot downwards around the di-
recting element A. After passing around the directing el-
ement A, the mixture of flue gas and solid pollutants be-
gins to rise up into the second part of the flue pathway.
[0008] By directing the flow of combustion products, a
reduction in the speed of combustion products is
achieved and at the same time their direction is changed.
Due to the influence of gravity and the change in the
velocity vector of solid pollutants, these solid pollutants
settle down in this settling space. By reducing the speed
of combustion products, a longer residence time of com-
bustion products in this part of the flue is obtained, and
thus a more intense heat transfer from combustion prod-
ucts to heated surroundings is achieved through the wall
of the flue pathway made of a heat-conducting material.
[0009] It is advantageous if the back wall of the com-
bustion chamber, which is in contact with the surrounding
environment, is also made of a heat-conducting material,
as this increases the area through which heat is trans-
ferred from combustion products to the heated surround-
ings.

[0010] In a preferred embodiment, the directing ele-
ment A has a bent shape so that the flue pathway be-
tween the directing element A and the back wall of the
first part of the flue pathway widens at the site of bending
of the directing element A, and in the largest cross-sec-
tion of this part of the flue pathway, there will be a signif-
icant reduction in the speed of the combustion products.
[0011] The first part of the flue pathway is connected
to the second part of the flue pathway through an opening
Z, through which combustion products flow from the first
part to the second part of the flue pathway.

[0012] Inthe second part of the flue pathway, a vertical
channel is formed by the back wall of the flue pathway
and a directing element B, and a wall of the flue pathway
is made of a heat-conducting material, and heat is trans-
ferred from combustion products to the heated surround-
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ings through the heat-conducting wall of the flue pathway.
The directing element B directs the flow of combustion
products in the vertical channel upwards, and through an
opening Y located in the upper part of the vertical channel
between the directing element B and the upper wall of
the flue pathway, combustion products flow into the third
part of the flue pathway. The second part of the flue path-
way is connected to the third part of the flue pathway by
the opening Y.

[0013] The third part of the flue pathway has an outer
wall made of a heat-conducting material. In this part of
the flue pathway, there is a cooling-settling space. In this
part, a combustion product flow directing element C hav-
ing the shape of a pipe, is located. The directing element
C is attached to a wall of a chimney flange and its height
is smaller than the height of the third part of the flue path-
way. Thus, a space for the flow of combustion products
is created in the upper part of the flue pathway between
the outer wall of the third part of the flue pathway and the
directing element C, and there is a free space for the flow
of combustion products marked as X between the bottom
wall of the flue pathway and the directing element C.
[0014] From a technological and structural point of
view, it is advantageous if the directing element C has
the shape of a cylindrical pipe.

[0015] Itis also advantageous if the directing element
Cis adjustable and can be set to the optimal position with
respect to the draft conditions of the chimney at the in-
stallation site.

[0016] Combustion products coming from the second
part of the flue pathway through the opening Y into the
area of the third part of the flue pathway are directed
downwards into the free space by the directing element
C and combustion products continue to flow inside the
directing element C into the chimney.

[0017] In the third part of the flue pathway, the velocity
field is oriented in the direction of gravity. Combustion
products are cooled in the third part of the flue pathway
by convection and then also radiation transport of heat
through the outer heat-conducting wall into the heated
surroundings. At the same time, the speed of flow of com-
bustion products decreases in the lower part by widening
the cross-section of the flue pathway, which both increas-
es heat transfer to the surroundings and also leads to
the settlement of solid pollutants that were not captured
in the previous part of the flue pathway.

[0018] A heat-insulating plate can be placed onthe bot-
tom wall of the third part of the flue pathway, the main
task of which is to prevent heat transfer between the com-
bustion chamber and the third part of the flue pathway
and thus prevent the heating of combustion products that
are already going into the chimney.

[0019] The advantages of the invention consist mainly
in that an increase in thermal efficiency and a reduction
in the emission of solid pollutants from fireplace inserts
and fireplaces for solid fuel are achieved by the disclosed
construction of fireplaces and fireplace inserts and the
disclosed method.
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Overview of Figures

[0020] On Fig. 1, the layout of the flue pathway of the
fireplace insert according to the present invention is
shown.

Examples of Embodiment of the Invention
Example 1

[0021] A fireplace insert for solid fuel according to this
invention is made. On Fig. 1, the layout of the flue path-
way in this fireplace insert is shown. The increased ther-
mal efficiency and a reduction in the emission of solid
pollutants of the fireplace insert is mainly achieved by
the construction of the flue pathway.

[0022] The fireplace insert according to this invention
contains a combustion chamber and a flue pathway. Be-
tween a back wall 1 and an upperwall 2 of the combustion
chamber, there is an adjustable gap 3 designed for ex-
hausting combustion products from the combustion
chamber into the flue pathway. The flue has the following
construction:

In the first part of the flue pathway there is a settling space
4, which is bounded by a part of the back wall 1 of the
combustion chamber and a part of a back wall 5 of the
flue pathway made of a heat-conducting material. In the
settling space 4, a combustion product flow directing el-
ement A 6 is located. The combustion product flow di-
recting element A 6 is located opposite the adjustable
slot 3 and directs the flow of combustion products so that
in the settling space 4 they flow from the adjustable slot
3 downwards around the directing element A 6. After
Eassing around the combustion product flow dTrecting
element A 6, the mixture of flue gas and solid pollutants
begins to rise up into the second part of the flue pathway.
[0023] By directing the flow of combustion products, a
reduction in the speed of combustion products is
achieved and at the same time their direction is changed.
Due to the influence of gravity and the change in the
velocity vector of solid pollutants, these solid pollutants
settle down in the settling space 4. By reducing the speed
of combustion products, a longer residence time of com-
bustion products is obtained in this part of the flue path-
way, and thus a more intensive heat transfer from com-
bustion products to the heated surroundings through the
backwall 5 of the flue pathway made of a heat-conducting
material is achieved. In this example of embodiment, a
metal sheet was used.

[0024] Also, the back wall 1 of the combustion cham-
ber, whichis in contact with thgsurrounding environment,
is made of a heat-conducting material. This increases
the area through which heat is transferred from combus-
tion products to the heated surroundings.

[0025] The combustion product flow directing element
A 6 is bent into the shape of a circumflex and is located
insucha way that the flue pathway between the directing
element A 6 and the back wall 5 of the first part of the
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flue pathway is widened at the site of bend of the directing
element A 6 and in the largest cross-section of this part
of the flue Bathway comes to a significant reduction in
the speed of combustion products.

[0026] The first part of the flue pathway is connected
to the second part of the flue pathway through an opening
Z 1_5 through which combustion products flow from the
first part to the second part of the flue pathway.

[0027] Inthe second part of the flue pathway, a vertical
channel 7 is formed by the back wall 5 of the flue pathway
and a diFecting element B 8, and the wall 5 of the flue
pathway is made of a heat-c_onducting material and heat
is transferred from combustion products to the heated
surroundings through the heat-conducting wall of the flue
pathway. The directing element B 8 directs the flow of
combustion products in the vertical channel 7 upwards,
and through an opening Y 16 located in the_upper part
of the vertical channel 7 between the directing element
B 8 and the upper walll of the third part of the flue pathway,
combustion products flow into the third part of the flue
pathway. The second part of the flue pathway is connect-
ed tothe third part of the flue pathway through the opening
Y 16.

[0@8] The third part of the flue pathway has an outer
wall 14 made of a heat-conducting material. In this part
of the flue pathway, there is a cooling-settling space 9.
In this part, a combustion product flow directing element
C 10 having the shape of a pipe, is located. In this ex-
emﬁary embodiment, the pipe has the shape of a cylin-
der. The directing element C 10 is attached to a wall 11
of a chimney flange and its height is smaller than the
height of the third part of the flue pathway. Thus, between
an outer wall 14 of the third part of the flue pathway and
the directing element C 10, a space for the flow of com-
bustion products is created in the upper part of the flue
pathway, and between a bottom wall 12 of the flue path-
way and the directing element C 10, there is a free space
for the flow of combustion produas, marked as X in the
figure.

[0029] The directing element C 10 is adjustable and
can be set to the optimal position wiﬁrespect to the draft
conditions of the chimney at the installation site.

[0030] Combustion products coming from the second
part of the flue pathway through the opening Y 16 into
the space of the third part of the flue pathway are directed
downwards into the free space by the directing element
C 10 and combustion products further flow inside the
dir&ting element C 10 into the chimney.

[0031] In the third part of the flue pathway, the velocity
field is oriented in the direction of gravity. Combustion
products in the third part of the flue pathway are cooled
by convection and subsequently by radiation transport
of heat through the heat-conducting outer wall 14 into
the heated surroundings. At the same time, in the lower
part, by widening the cross-section of the flue pathway,
the speed of flow of combustion products decreases,
which both increases heat transfer to the surroundings
and also leads to the settlement of solid pollutants that
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were not capturedin the previous part of the flue pathway.
[0032] On the bottom wall 12 of the third part of the
flue pathway, a heat-insulating_plate is located, the main
task of which is to prevent heat transfer between the com-
bustion chamber and the third part of the flue pathway
and thereby prevent the heating of combustion products
that are already going into the chimney.
[0033] The construction of the fireplace insert accord-
ing to this invention has achieved increased thermal ef-
ficiency and a reduction in the emission of solid pollut-
ants.
[0034] Tests were performed with the following results:
- Thermal efficiency: 83.5 %
- CO concentration at O, = 13 % in dry combustion
products: 1217 mg/m3y
- Dustconcentration at O, ;=13 % in dry combustion
products: 26 mg/m3y

Example 2
[0035] The same construction of the combustion
chamber and the flue pathway as disclosed in the Exam-

ple of embodiment 1 was made in the fireplace.

Reference signs

[0036]

1- back wall of the combustion chamber

2- upper wall of the combustion chamber

3- adjustable slot

4- settling space

5- back wall of the flue pathway

6 - combustion product flow directing element A
7- vertical channel

8- combustion product flow directing element B
9- cooling-settling space

10 - combustion product flow directing element C
11 - wall of chimney flange

12 - bottom wall of the third part of the flue pathway
14 - outer wall of the third part of the flue pathway
15 -  opening Z between the first part and the second

part of the flue pathway
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opening Y between the second part and the third
part of the flue pathway

Claims

Fireplaces and fireplace inserts for solid fuel with in-
creased thermal efficiency and reduced emissions
of solid pollutants, containing a combustion chamber
and a flue pathway, characterized in that there is
an adjustable slot (3) between a back wall (1) and
an upper wall (2) of the combustion chamber, de-
signed for exhausting combustion products;

« In the first part of the flue pathway, there is a
settling space (4) bounded by a part of the back
wall (1) of the combustion chamber and a part
of a back wall (5) of the flue pathway made of a
heat-conducting material, and the settling space
(4) contains a combustion product flow directing
element A (6) which is located opposite the ad-
justable slot (3);

« in the second part of the flue pathway, there is
a vertical channel (7) formed by the part of the
back wall (5) of the flue pathway and a directing
element B (8) and the walls (5) of the flue path-
way are made of a heat-conducting material;

« in the third part of the flue pathway, there is a
cooling-settling space (9) containing a combus-
tion product flow directing element C (10), which
is attached to a wall (11) of a chimney flange
and its height is smaller than the height of the
third part of the flue pathway, and thus between
a bottom wall (12) of the flue pathway and the
directing element C (10) there is a space X for
the flow of combustion products, wherein the di-
recting element C (10) has the shape of a pipe
and an outer wall (14) of the third part of the flue
pathway is made of a heat-conducting material;

the first part of the flue pathway is connected to the
second part of the flue through an opening Z (15)
and the second part of the flue pathway is connected
to the third part of the flue pathway through an open-
ing Y (16).

Fireplaces and fireplace inserts according to claim
1, characterized in that the combustion product
flow directing element A (6) has a bent shape.

Fireplaces and fireplace inserts according to any of
claims 1 and 2, characterized in that the back wall
of the combustion chamber, which is in contact with
the surrounding environment, is made of a heat-con-
ducting material.

Fireplaces and fireplace inserts according to any of
claims 1 to 3, characterized in that the combustion
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product flow directing element C (10) is adjustable.

Fireplaces and fireplace inserts according to any of
claims 1 to 4, characterized in that the combustion
product flow directing element C (10) has the shape
of cylindrical pipe.

Fireplaces and fireplace inserts according to any of
claims 1to5, characterized in that a heat-insulating
plate is placed on the bottom wall of the third part of
the flue pathway.

A method of increasing the thermal efficiency and
reducing emissions of solid pollutants in fireplaces
and fireplace inserts for solid fuel disclosed in claims
1 to 6, characterized in that

» combustion products from the combustion
chamber flow through the adjustable slot into
the settling space of the flue, in which their flow
is directed downwards, thus combustion prod-
ucts reduce their speed, stay longer in the flue
pathway and more intensively transfer heat to
the external environment and due to the influ-
ence of gravity and change in the velocity vector
of solid pollutants from combustion products,
these solid pollutants settle down;

« the directed flow of combustion products fur-
ther flows into the vertical channel, where heat
is transferred from combustion products to the
external environment through the heat-conduct-
ing material of the outer wall of the flue pathway
and thus the temperature of combustion prod-
ucts is reduced;

« the flow of combustion products is further di-
rected into the cooling-settling space, in this
space it is further directed downwards and heat
is transferred from combustion products to the
outside environment through the heat-conduct-
ing outer wall, and in the lower part, by widening
the cross-section of the flue pathway, the speed
of flow of combustion products is reduced and
thus heat transfer to the surrounding environ-
ment is increased and also solid pollutants that
were not caught in the previous part of the flue
pathway are settled down.

The method of increasing the thermal efficiency and
reducing emissions of solid pollutants of fireplaces
and fireplace inserts according to claim 7, charac-
terized in that the largest cross-section of the first
part of the flue pathway between the directing ele-
ment A (8) and the back wall (1) of the flue pathway
is formed at the place of bending of the directing
element A (8), thus the speed of combustion prod-
ucts is reduced and heat is transferred from com-
bustion products to the surrounding environment
and also to the solid pollutants are settled down.
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The method of increasing the thermal efficiency and
reducing emissions of solid pollutants of fireplaces
and fireplace inserts according to any of claims 7
and 8, characterized in that the adjustable directing
element C is set to the optimal position with respect
to the draft conditions of the chimney at the installa-
tion site.

The method of increasing the thermal efficiency and
reducing emissions of solid pollutants of fireplaces
and fireplace inserts according to any of claims 7 to
9, characterized in that the heat-insulating plate
prevents heat transfer between the combustion
chamber and the flue pathway.
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