
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

10
6 

52
7

A
1

TEPZZ¥_Z65 7A_T
(11) EP 3 106 527 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication: 
21.12.2016 Bulletin 2016/51

(21) Application number: 14872998.1

(22) Date of filing: 03.07.2014

(51) Int Cl.:
C21B 9/00 (2006.01)

(86) International application number: 
PCT/RU2014/000488

(87) International publication number: 
WO 2015/094011 (25.06.2015 Gazette 2015/25)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME

(30) Priority: 18.12.2013 RU 2013156426

(71) Applicant: JSC "Kalugin"
Ekaterinburg 620078 (RU)

(72) Inventors:  
• PROKOF’EV, Boris Nikolaevich

Ekaterinburg 620062 (RU)
• SUBBOTIN, Anton Anatol’evich

Ekaterinburg 620072 (RU)
• IVLEV, Sergey Artem’evich

Ekaterinburg 620089 (RU)

(74) Representative: Jeck, Anton
Jeck - Fleck - Herrmann 
Patentanwälte 
Klingengasse 2/1
71665 Vaihingen/Enz (DE)

(54) SHAFTLESS AIR HEATER

(57) The invention relates to metallurgy, to designs
of top combustion (shaftless) hot air heaters of blast fur-
naces. A shaftless air heater includes a cylindrical cham-
ber (1) with a checkerwork (2) and a dome (3) located
above the checkerwork (2) and having a cylindrical sec-
tion (4) as well as a tapering section (5) located above
the cylindrical section (4) and a cylindrical throat (6) lo-
cated above the tapering section (5) and communicating
with a pre-chamber (7) located above the dome. Chan-
nels (9, 10 and 11, 12) for supplying air and gas respec-
tively into the pre-chamber (7) are located in lateral walls
(8) of the pre-chamber (7). The shaftless air heater is
implemented with a ratio of the diameter (D1) of the cy-
lindrical throat (6) to the diameter (D2) of the cylindrical
section (4) of the dome (3) ranging from 0.31 to 0.41.
The technical result is elimination of conditions for com-
bustion pulsations and increase in completeness of gas
combustion.
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Description

[0001] The invention relates to metallurgy, particularly
to designs of hot stoves for blast furnaces.
[0002] One of the problems with hot stove operation is
to provide stability of combustion, to reduce and eliminate
combustion pulsations. The combustion pulsation is a
closed auto-wave process involving all elements of the
air and gas main (supply pipes, butterfly valves, elbows,
collectors, extension tubes, combustion space). Rele-
vant calculations of acoustic parameters are required for
all the elements of the main. Parameters of the final el-
ement of the main, i.e. parameters of combustion cham-
ber and dome space, are of great importance for reduc-
tion of combustion pulsations.
Hot stoves with extended internal and external combus-
tion chambers (shafts) are known [RF Patent 2177040
or RF Patent 77865 respectively, Fig.2]. These combus-
tion chambers are located in internal or external stacks
of hot stoves and communicate with the dome above the
checkerwork.
[0003] The disadvantage of the above hot stoves is
that combustion pulsations occur or can grow at an in-
crease of heat capacity due to availability of the extended
combustion chambers. Besides, increased thermal
stresses on an area unit of the horizontal section of the
combustion space, e.g. combustion chamber space, is
also a reason for occurrence of combustion pulsations.
Hereinafter the horizontal section refers to a section in
the plane perpendicular to the vertical centerline of a hot
stove.
[0004] A shaftless stove of VNIIMT [RF Patent 926017]
is known. It includes a cylindrical chamber with a check-
erwork, a dome over the checkerwork and an annular
pre-chamber (combustion chamber) communicating with
the dome and having channels of gas and air supply at
the bottom (at the base), the air supply channels being
directed in parallel to the stove centerline and the gas
supply channels being directed perpendicularly to the
stove centerline and leading to the air supply channels.
[0005] The disadvantage of the VNIIMT shaftless
stove is non-uniform mixing of gas and air as the air sup-
ply channels are directed perpendicularly to the gas sup-
ply channels and mixing is fulfilled in a limited space of
the air supply channel where thermal stresses on an area
unit of the horizontal section of the air supply channel are
increased during combustion. All this is a reason for oc-
currence of combustion pulsations and incomplete gas
combustion in the pre-chamber and dome.
[0006] The closest to the proposed hot stove is a shaft-
less hot stove [RF Patent 65890] including in particular
a cylindrical chamber with a checkerwork, a dome locat-
ed above the checkerwork and having a cylindrical sec-
tion. The dome has also a tapering section located above
the cylindrical section (e.g. conical [RF Patent 65890] or
ball [Patent of Germany DE318068]) and a cylindrical
throat located above the tapering section and communi-
cating with a pre-chamber located above the dome. In

the lateral walls of the pre-chamber there are gas and air
supply channels.
[0007] The disadvantage of the prototype shaftless air
heater is that there are conditions for occurrence of com-
bustion pulsations and incomplete gas combustion due
to an indefinite ratio of geometrical dimensions of the
final element of the main (combustion chamber and
dome).
[0008] The object of the invention is to eliminate con-
ditions for occurrence of combustion pulsations and in-
crease completeness of gas combustion.
[0009] In order to solve this problem, the shaftless air
heater including a cylindrical chamber with a checker-
work and a dome which is located above the checkerwork
and has a cylindrical section as well as a tapering section
located above the cylindrical section and a cylindrical
throat located above the tapering section and communi-
cating with a pre-chamber located above the dome, chan-
nels for supplying air and gas located in lateral walls of
the pre-chamber, is different in that the shaftless air heat-
er is implemented with a ratio of the diameter of the cy-
lindrical throat to the diameter of the cylindrical section
of the dome within 0.31 to 0.41.
[0010] The ratio of the diameter of the cylindrical throat
to the diameter of the cylindrical section of the dome with-
in 0.31 to 0.41 provides achievement of the technical
result consisting in elimination of the conditions for oc-
currence of combustion pulsations and increase in com-
pleteness of gas combustion.
[0011] The ratio of the diameter of the cylindrical throat
to the diameter of the cylindrical section of the dome with-
in 0.31 to 0.41 was determined experimentally.
[0012] The lower limit of the diameter ratio (0.31) is
conditioned by the fact that at a further reduction of the
diameter ratio resistance to the flow of combustion prod-
ucts (gas/air mixture) grows in the pre-chamber and cy-
lindrical throat, the gas/air mixture pressure increases in
the cylindrical throat and pre-chamber, thermal stresses
grow in the internal space of the pre-chamber and cylin-
drical throat, which results in combustion pulsations.
[0013] At an increase of the diameter ratio over the
upper limit (0.41) completeness of gas combustion in the
dome decreases due to degradation in mixing of gas and
air.
[0014] The figure shows the general arrangement of
the shaftless air heater in profile. Embodiments of the
proposed shaftless air heater.
[0015] A shaftless air heater includes a cylindrical
chamber 1 with a checkerwork 2 and a dome 3 located
above the checkerwork 2 and having a cylindrical section
4 as well as a tapering section 5 located above the cy-
lindrical section 4 and a cylindrical throat 6 located above
the tapering section 5 and communicating with a pre-
chamber 7 located above the dome. Channels 9, 10 and
11, 12 for supplying air and gas respectively into the pre-
chamber 7 are located in lateral walls 8 of the pre-cham-
ber 7. The shaftless air heater is implemented with a ratio
of the diameter D1 of the cylindrical throat 6 to the diam-
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eter D2 of the cylindrical section 4 of the dome 3 ranging
from 0.31 to 0.41.
[0016] Besides, the shaftless air heaters include a gas
inlet 13 for gas supply through an annular collector 14 to
gas supply channels 9, 10 to the pre-chamber 7. The
shaftless air heater also includes an air inlet 15 for air
supply through an annular collector 16 to air supply chan-
nels 11, 12 to the pre-chamber 7. The dome 3 has an
outlet 17 for feeding hot air out of the dome 3.
[0017] All the stove walls have a lining providing heat
insulation of the internal space of the hot stove from the
ambient environment (inclined hatching in the figure).
[0018] The tapering section 5 of the dome 3 can have
a conical shape or a shape of a ball portion (not shown
in the drawing).
[0019] The quantity and location of the air and gas sup-
ply channels (9, 10, 11, 12) to the pre-chamber 7 is mainly
determined by the stove capacity.
[0020] In the example of stove embodiment the shaft-
less air heater has a diameter (D0) of the pre-chamber 7
equal to 5012 mm, a diameter (D) of the cylindrical throat
6 equal to 3862 mm and diameter (D2) of the cylindrical
section 4 of the dome 3 equal to 10164 mm. In this case
the ratio of the diameter of the cylindrical throat 6 to the
diameter of the cylindrical section 4 of the dome 3 is equal
to 0.38. The cylindrical chamber 1 of the stove, dome 3
(including its sections 4 and 5) as well as pre-chamber
7 are located in the same centerline 18 with possibility
of deviation from the centerline 18 to the distance not
exceeding 25-35 mm. In this example of stove embodi-
ment combustion pulsations are not observed and gas
combustion is the most complete, the content of carbon
monoxide (CO) in combustion products is 30 mg/m3 at
the allowable value of 100 mg/m3 as per European stand-
ards.
[0021] Stove operation is performed as follows.
During the heating period of the checkerwork 2 combus-
tion air is supplied through the inlet 15 to the annular
collector 16, then through the supply channels 11, 12 to
the pre-chamber 7. Gas is supplied through the inlet 13
to the annular collector 14 and then through the supply
channels 9, 10 to the pre-chamber 7. Mixing of gas and
air results in gas firing at the top of the pre-chamber 7
due to the reaction between this mixture and heated in-
ternal walls 8 of the pre-chamber 7. The temperature of
the internal walls of the pre-chamber 7 required for gas/air
mixture firing is provided by heating the internal walls of
the pre-chamber 7 during the blowing period when air
heated in the checkerwork 2 is taken out of the stove
through the outlet 17. During the heating period of the
checkerwork 2 combustion products flow through it and
go out of the stove through the checker support system
to the chimney stack (not shown in the drawing).
[0022] Combustion of the gas/air mixture occurs in the
pre-chamber 7 and in the cylindrical throat 6 as well as
in the dome 3. Aftercombustion of gases not burnt in the
pre-chamber 7 occurs in the cylindrical throat 6 and dome
3. In this case the degree of gas aftercombustion in the

cylindrical throat 6 and dome 3 depends on the ratio of
the diameter of the cylindrical throat 6 to the diameter of
the dome 3. When this diameter ratio is in the optimal
interval (0.31 - 0.41), the gas mixture pressure is optimal
and the most complete combustion of gas occurs. In this
case there is such a thermal stress in the space of the
pre-chamber 7 and cylindrical throat 6 which provides
elimination of conditions for combustion pulsations.
[0023] Thus, application of the proposed shaftless air
heater eliminates conditions for occurrence of combus-
tion pulsations and increases completeness of gas com-
bustion.

Claims

1. The shaftless air heater including a cylindrical cham-
ber with a checkerwork and a dome which is located
above the checkerwork and has a cylindrical section
as well as a tapering section located above the cy-
lindrical section and a cylindrical throat located
above the tapering section and communicating with
a pre-chamber located above the dome, channels
for supplying air and gas located in lateral walls of
the pre-chamber, is different in that the shaftless air
heater is implemented with a ratio of the diameter of
the cylindrical throat to the diameter of the cylindrical
section of the dome within 0.31 to 0.41.
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