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(54) SHAFTLESS AIR HEATER

(67)  Whatis claimed is a shaftless air heater, which
comprises a burner system located at the top of a
pre-chamber (1) with a chamber for mixing gas and air.
The prechamber (1) has a shell (2) with a lining, inside
of which an annular channel is provided, the channel be-
ing bounded by an inside annular wall (3) and by an out-
side annular wall (4), thereby forming a gas collector (12).
The lining of the pre-chamber (1) is supported on a metal
annular beam (5), one wall of which represents a contin-
uation of the shell (2), while the other wall forms a shell
(7) of a dome-like combustion chamber (6), and the base
thereof forms the support of the pre-chamber (1). The
combustion chamber (6) with the shell (7) and a lining
(8) is arranged under and coaxially with the pre-chamber
(1). The metal annular beam (5) is permanently joined
with the shells (2) and (7) and is provided with a base
plate (9) from above, thus forming an air collector (10).
The outside annular wall (4) has an opening with a branch
pipe (18) for supplying gas. Outlet gas openings (13) are
arranged in rows in the top portion of the inside annular
wall (3), and air openings (14) are located in the bottom
portion of the inside annular wall (3). The invention pro-
vides for increased operational safety and reliability due
to an increased stability and durability of the shaftless air
heater.
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Description

[0001] The invention relates to equipment for heating
of blast used in blast furnaces. For blast heating air heat-
ers of different designs are used: with internal combus-
tion chamber, with external combustion chamber and
without conventional combustion chamber (top combus-
tion or shaftless).

[0002] There are known air heaters without combus-
tion chamber (shaftless air heater) with installation of
burner systems at the dome of the air heater (Russian
Patent No. 2145637, Inventor’s Certificate No. 602555,
Japanese Patent No. 48-4284, US Patent No. 3473794)
which are more advanced apparatuses.

[0003] Inparticular, the shaftless air heater (Patent No.
2145637, 2000) has a shell with refractory lining, check-
erwork, a dome, a hot blast outlet located above the
checkerwork at a distance not less than one diameter of
its flow section up to its centerline as well as a burner
system including a pre-chamber located at the top of the
dome coaxially therewith and having a shell with refrac-
tory lining performed independently from the dome re-
fractory lining with an individual support by the dome
shell. In the pre-chamber there are annular gas and air
collectors which are located between the shell and side
wall of the pre-chamber refractory lining one above the
other and divided from each other by a dividing plate.
The collectors have inlet branch pipes and outlet chan-
nels, wherein the latter are made in the vertical side wall
of the pre-chamber refractory lining and gas and air are
supplied directly into the pre-chamber. Due to the fact
that the centerlines of the channels in the upper row of
the lower collector are directed to the centerline of the
pre-chamber and shifted upwards from the horizontal
plane at an angle up to 30° and the centerlines of all the
other channels are located in the horizontal plane and
directed at an angle of 15-30° to the pre-chamber radii
going through the centers of their outlet sections, swirling
flows of gas and air are formed in the pre-chamber. Swirl-
ing of flows provides complete combustion of gas before
it enters the checkerwork and uniform distribution of the
flow across the checkerwork.

[0004] Air heaters for blast furnaces are large-size
high-temperature apparatuses and require large expens-
es for their construction and operation. Therefore, reduc-
tion in energy costs is one of the major requirements.
Moreover, the air heaters burn a large quantity of blast-
furnace gas which includes a toxic gas, i.e. carbon mon-
oxide (CO). Therefore, complete gas combustion which
ensures their ecological safety is an important require-
ment during operation of blast furnace air heaters.
[0005] Swirling flows of gas and air are formed in the
pre-chamber to provide their good mixing and combus-
tion. Gas is supplied to the top of the pre-chamber where
a swirling flow of gas is formed. To provide a possibility
of good gas and air mixing in the known air heater, the
centerlines of the air channels in the upper row of the
lower collector have been directed to the centerline of
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the pre-chamber and shifted upwards from the horizontal
plane at an angle up to 30°. Air flows directed along the
radius and shifted upwards are expected to go through
the gas flow to the central part of the pre-chamber and
provide good mixing and combustion of gas in the center
of the pre-chamber. Air flows from the channels of the
other rows are directed at an angle to the pre-chamber
radii and shall provide good mixing and combustion of
peripheral gas flows. However, in the air heaters installed
at big blast furnaces the pre-chambers have large cross-
sectional dimensions and the air flows shall overcome a
strong swirling gas flow of significant thickness to get to
the pre-chamber centerline. For this purpose, it is nec-
essary to significantly increase their speed and install
powerful air blowers, which will increase energy costs.
Moreover, incomplete combustion of gas can occur in
the central part of the pre-chamber, which will lead to
degradation of environmental performance of the air
heaters. Herewith a contradiction arises. On the one
hand, in order to increase the penetrating power of the
air flows of the upper row it is necessary to significantly
increase their speed and, consequently, pressure in the
collector, which will require significantly more powerful
air blowers. On the other hand, this increase in speed is
not required for the air flows from the channels of the
other rows as there is a good mixing and complete com-
bustion of gas before its entrance to the checkerwork in
the peripheral parts of the pre-chamber and at usual
speeds and flow swirling.

[0006] Thus, different pressures are required for the
channels of different rows going out from the same col-
lector, which is impossible to provide. Since air blowers
with standard pressure are used to provide air pressure
in the collector, the speed of the air flows from the chan-
nels of the upper row is not sufficient and the center of
the pre-chamber is not provided with the air quantity re-
quired for complete combustion of gas. Consequently,
some gas is not burnt and it is exhausted into the atmos-
phere, which deteriorates environmental and economic
performance of the air heaters.

[0007] Kalugin Shaftless Air Heater as per Patent RU
No. 2316600, 2008 - prototype is the closest to the pro-
posed invention by technical essence and combination
of features. The known air heater consists of a shell with
refractory lining, checkerwork, a dome, a hot blast outlet
located above the checkerwork at a distance not less
than one diameter of its flow section up to its centerline,
a pre-chamber located at the top of the dome coaxially
therewith and having a shell with refractory lining per-
formed independently from the dome refractory lining
with an individual support by the dome shell, gas and air
collectors with a dividing plate between them located be-
tween the dome and side wall of the pre-chamber refrac-
tory lining one above the other and having inlet branch
pipes and outlet channels performed in the vertical side
wall of the pre-chamber refractory lining. In this case, the
outlet channels of the lower collector are located in its
upper part and directed upwards from the horizontal
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plane at an angle of 15-30° and the outlet channels of
the upper collector are located in its lower part and di-
rected downwards from the horizontal plane at an angle
of 15-30°, wherein the projections of the centerlines of
the above mentioned channels on to the horizontal plane
form an angle of 15-45° with the projections on to the
horizontal plane of the pre-chamber radii going through
the centers of the channel outlet sections.

[0008] Blast-furnace air heaters relate to apparatuses
with a long service life between repairs (15-20 years)
and, therefore, operating reliability and long period of op-
eration are one of the major requirements to these air
heaters. In the known air heater, the gas and air collectors
located one above the other are divided by a thin dividing
plate. Gas and air in the collectors can have different
temperatures depending on process conditions (heating
of gas or air). This difference is often quite significant
and, consequently, temperature deformation of collector
elements can occur and, as a result, damage of the di-
viding plate in between is possible. In this case, mixing
of gas and air occurs and an inflammable mixture is
formed which can inflame or explode.

[0009] The object of the invention is to increase safety
and operating reliability of the shaftless air heater.
[0010] The technical result is an increase in operating
safety and reliability due to an increased stability and
durability of the shaftless air heater.

[0011] Anadditional technical resultis a high efficiency
of the air heater simultaneously with a reduction in its
dimensions.

[0012] This problem is solved by claiming a shaftless
air heater comprising a burner with an annual gas col-
lector and a pre-chamber the cavity of which represents
a chamber for mixing, inflaming and initial combustion of
gas and air flows; a chamber for combustion of the gas
mixture coming from the pre-chamber having a dome-
like shape in its upper part and located under the pre-
chamber; a checkerwork chamber for passing of gener-
ated combustion products; the pre-chamber, combustion
chamber and checkerwork chamber intercommunicate
and are located coaxially and the pre-chamber and com-
bustion chamber are equipped with their own lined shells,
wherein the diameter of the pre-chamber shell base is
bigger than the diameter of the dome-like combustion
chamber shell throat, the gas collector represents an an-
nular channelimplementedin the pre-chamber refractory
lining forming inside and outside annular walls; the mixing
chamber intercommunicates with an annular air collec-
tor, outlet gas and air openings into the mixing chamber
are made in the inside annular wall, the said gas and
outlet openings intercommunicate through the gas and
air collectors with respective gas and air branch pipes
from outside, characterized in that the air collector is lo-
cated in the lower part of the pre-chamber under the gas
collector and represents an annular chamber formed by
the cavity between the metal annular beam and base
plate installed at the base of the pre-chamber and con-
nected to each other and to the pre-chamber and com-
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bustion chamber shells, wherein the metal annular beam
forms a pre-chamber support and the base plate is pro-
vided with openings for air outlet from the air collector
which intercommunicate through the air supply channels
with the outlet air opening into the mixing chamber,
wherein the outlet air openings being located in the inside
annular wall under the outlet gas openingsinto the mixing
chamber and the air supply channels being located in
the lower part of the pre-chamber refractory lining.
[0013] The metal annular beam is preferably made of
low-alloy steel and can have a shape of a right-angled
triangle in its section, wherein one side of the triangle
serves as an extension of the pre-chamber shell, the oth-
er side is formed by the dome-like combustion chamber
shell and the base is represented by the pre-chamber
support.

[0014] In the burner system, the outlet gas openings
for supply into the mixing chamber are located at several
levels in the inside annular wall which is directed towards
the pre-chamber mixing chamber, wherein the center-
lines of the said openings have an angle of slope from
15 to 45° downwards to the horizontal plane.

[0015] Theoutletairopenings for supply into the mixing
chamber are also located in the inside annular pre-cham-
ber wall but in its lower part, wherein the centerlines of
the said openings have an angle of slope from 0 to 45°
to the vertical plane.

[0016] The said shape of the gas and air openings in
the inside annular wall of the pre-chamber refractory lin-
ing provides a high efficiency of the air heater due to
formation of a swirling flow providing complete combus-
tion of gas and air mixture.

[0017] The air collector communicates with the outlet
air openings for supply into the mixing chamber through
the air openings which are made in the base plate and
communicate with the channels for air supply implement-
ed in the lower part of the pre-chamber refractory lining.
[0018] The claimed device is characterized by the air
collector which is the base of the pre-chamber and locat-
ed outside the burner system, wherein the air collector
represents an annular chamber formed by the cavity be-
tween the metal annular beam and base plate which are
connected to each other and to the pre-chamber and
combustion chamber shells. Operation of the air collector
of the air heater provides a directed movement of the air
flow upwards to interact with the gas flows being supplied
to the gas and air mixing chamber. Design features of
the air collector implemented as an annular chamber lo-
cated in the pre-chamber support and its mutual align-
ment with the burner and gas mixture combustion cham-
ber in combination with other features enable to provide
the possibility of gas and air mixing in the central part of
the mixing chamber, exclude negative consequences re-
lated to burnout of the dividing plate between the gas and
air collectors as in the claimed design the gas and air
collectors are separated from each other by massive lay-
ers of the refractory lining, which eliminates danger of
inflammation and/or explosion of the gas and air mixture,
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thereby increasing operating reliability and providing a
high efficiency of the shaftless air heater.

[0019] Comparison of the claimed device enables to
make a conclusion that itis characterized by new distinc-
tive features not known from the prototype and prior art,
provides achievement of a new technical result, i.e. an
increased operating reliability due to an increased resist-
ance of the air collector to the temperature exposure dur-
ing operation and, consequently, durability of the shaft-
less air heater.

[0020] The claimed device in one of the possible op-
tions of its implementation is shown in the following fig-
ures.

Figure 1 schematically shows one of the possible
implementations of the shaftless air heaterin the lon-
gitudinal section.

Figure 2 and Figure 3 show the same in the cross
section.

[0021] The claimed shaftless air heater has a burner
located at the top in a pre-chamber 1 having a mushroom
shape with a cavity representing a gas and air mixing
chamber. The pre-chamber 1 has a shell 2 preferably
made of low-alloy steel. The shell 2 of the pre-chamber
1is made with the refractory lining which is made of light-
weight refractory on the internal side of the shell 2. From
the side of the gas and air mixing chamber the pre-cham-
ber refractory lining is made of heat-resistant refractory
with formation of an annular channel which is limited by
an inside annular wall 3 and an outside annular wall 4.
The refractory lining of the pre-chamber 1 is supported
by a metal annular beam 5 made of low-alloy steel and
having a shape of a right-angled triangle in its section,
wherein one side of the triangle serves as an extension
of the shell 2 of the pre-chamber 1, the other side is
formed by a shell 7 of a dome-like combustion chamber
6 and the base is represented by a pre-chamber support.
Under the pre-chamber 1 there is a combustion chamber
6 which has a dome-like upper partlocated coaxially with
the pre-chamber 1, intercommunicates with it and is pro-
vided with the shell 7 made preferably of low-alloy steel
with lining 8 made of a refractory material. In the interface
area between the pre-chamber 1 and combustion cham-
ber 6, the shell 2 of the pre-chamber 1 base has a diam-
eter exceeding the diameter of the shell 7 of the dome-
like part of the combustion chamber 6. The metal annular
beam 5 is irremovably connected with the shells 2 and
7, for example, by welding and it is provided from the top
with a base plate 9 forming an internal chamber with a
cavity performing a function of air collector 10. Under the
combustion chamber 6 there is a checkerwork chamber
11 with refractory checkerwork (not shown) made of pref-
erably hexagonal checker bricks with holes laid in layers
in such a way that the holes of the checker bricks laid in
layers could provide passing of combustion products and
heat transfer. In the outside annular wall 4 of the pre-
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chamber 1 there is an opening with a gas supply branch
pipe 18 and between the inside annular wall 3 and outside
annular wall 4 there is an annular channel for gas supply
which performs a function of a gas collector 12. In the
upper part of the inside annular wall 3 there are outlet
openings 13 located in several rows which provide move-
ment of gas in the form of swirling flows in the mixing
chamber for which purpose the centerlines of the said
openings have an angle of slope from 15 to 45° down-
wards to the horizontal plane, thereby creating an effi-
cient swirling flow of gas in the central part of the mixing
chamber. In the lower part of the inside annular wall 3
there are air openings 14 for air supply to the mixing
chamber of the pre-chamber 1 and the centerlines of the
said openings have an angle of slope from 0 to 45° up-
wards to the vertical plane. The swirling flows of air going
from the openings 14 upwards at an angle meet in the
mixing chamber of the pre-chamber 1 with the swirling
flows of gas going from the outlet gas openings 13 down-
wards at an angle and mix with them in the mixing cham-
ber of the pre-chamber 1 forming a homogeneous fuel
mixture, thereby providing complete combustion of the
above mentioned mixture. In the side wall of the air col-
lector 10 there is an opening with an air supply branch
pipe 15 into the air collector 10. The outlet air openings
14 into the mixing chamber located in the lower part of
the inside annular wall 3 intercommunicate with the air
collector 10 through air channels 16 connected with air
openings 17 in the base plate 9. The intercommunicating
pre-chamber 1 and gas and air mixture combustion
chamber 6 are located coaxially which together with the
gas collector 12 and air collector 10 form a burner system
of the claimed air heater in the upper part of which there
is a burner system represented by the pre-chamber 2 the
cavity of which is a gas and air mixing chamber.

[0022] The claimed shaftless air heater is operated as
indicated below. In the cavity of the pre-chamber 1 rep-
resenting a gas and air mixing chamber there occurs mix-
ing of gas and air flows going respectively from the gas
collector 12 and air supply channels 16 intercommuni-
cating with the air collector 10 through the gas supply
branch pipe 18 and air supply branch 15 where gas and
air are supplied under pressure from the outside. The
fuelmixture is formed due to mixing of swirling flows going
from the outlet gas openings 13 and outlet air openings
14 into the mixing chamber with further inflammation and
combustion of the formed gas and air mixture in the
dome-like part of the combustion chamber 6. The result-
ing combustion chamber are supplied from the combus-
tion chamber 6 to the checkerwork chamber 11.

[0023] The burner system of the claimed air heater
formed by the intercommunicating pre-chamber 1 and
the combustion chamber 6 is characterized by spatial
separation of the gas collector 12 and air collector 10
relative to each other. This separation of the gas and air
flows in the burner system as well as location of the air
collector in the cavity formed by the pre-chamber support
which is the most stressed area of the air heater, provide
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a high efficiency of gas and air mixing and complete com-
bustion of the resulting gas and air mixture as well as
safe controlled operation of gas and air supply areas.
This assuredly excludes uncontrolled mixing of gas and
air in the pre-chamber of the burner system, eliminates
danger of inflammation or explosion of the mixture and
provides complete combustion of gas during fully safe
operation of the air heater. Furthermore, the use of the
metal annular beam for pre-chamber support and loca-
tion an annular collector therein enables to decrease di-
mensions due to a decreased height of the air heater,
reduce capital expenditures, thereby reducing its cost
both during installation of a new air heater and recon-
struction of an existing one.

Claims

1. Shaftlessair heater, comprising a burner system with
an annual gas collector and a pre-chamber the cavity
of which represents a chamber for mixing, inflaming
and initial combustion of gas and air flows; achamber
for combustion of the air-gas mixture coming from
the pre-chamber having a dome-like shape in its up-
per part and located under the pre-chamber; a
checkerwork chamber for passing of generated com-
bustion products; the pre-chamber, combustion
chamber and checkerwork chamber intercommuni-
cate and are located coaxially, the pre-chamber and
combustion chamber are equipped with their own
lined shells, wherein the diameter of the pre-cham-
ber shell base is bigger than the diameter of the
dome-like combustion chamber shell throat, the gas
collector represents an annular channel implement-
edinthe pre-chamber refractory lining forming inside
and outside annular walls; the mixing chamber inter-
communicates with an annular air collector, outlet
gas and air openings into the mixing chamber are
made intheinside annularwall, the above mentioned
outlet openings intercommunicate through the gas
and air collectors with respective gas and air branch
pipes from outside, characterized in that the air col-
lector is located in the lower part of the pre-chamber
under the gas collector and represents an annular
chamber formed by the cavity between the metal an-
nular beam and base plate installed at the base of
the pre-chamber and connected to each other and
to the pre-chamber and combustion chamber shells,
wherein the metal annular beam forms a pre-cham-
ber supportand the base plate is provided with open-
ings for air outlet from the air collector which inter-
communicate through the air supply channels with
the outlet air openings into the mixing chamber,
wherein the outlet air openings being located in the
inside annular wall under the outlet gas openings
into the mixing chamber and the air supply channels
being located in the lower part of the pre-chamber
refractory lining.
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2.

The shaftless air heater according to claim 1, char-
acterized in that, in the burner system, the outlet
gas openings from the gas collector into the mixing
chamber are located in the inside annular wall at
several levels.

The shaftless air heater according to claim 1, char-
acterized in that the centerlines of the outlet gas
openings from the gas collector into the mixing
chamber are provided at an angle of slope from 15
to 45° downwards to the horizontal plane.

The shaftless air heater according to claim 1, char-
acterized in that the centerlines of the outlet air
openings from the air collector into the mixing cham-
ber are provided at an angle of slope from 0 to 45°
to the vertical plane.

The shaftless air heater according to claim 1, char-
acterized in that the metal annular beam is made
of low-alloy steel.

The shaftless air heater according to claim 1, char-
acterized in that the metal annular beam has a
shape of aright-angled triangle in its section, wherein
one side of the triangle serves as an extension of
the pre-chamber shell, the other side is formed by
the shell of the dome-like combustion chamber and
the base is represented by the pre-chamber support.
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