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(54) Regenerative hot blast stove and cross over conduit for such a regenerative hot blast stove

(57) Regenerative hot blast stove comprising a
combustion shaft (1), a regenerative shaft (2) arranged
adjacent to the combustion shaft, and a cross over con-
duit (13) connecting the combustion shaft (1) with the
regenerative shaft (2) for enabling gas flow from the
combustion shaft via the cross over conduit into the re-
generative shaft, which cross over conduit comprises a
transverse section for at least bridging a gap between

the combustion shaft and the regenerative shaft, the
transverse section being essentially formed of a refrac-
tory wall (28) extending around a bore (16), the bore (16)
leading to a first and a second connecting opening for
connecting the cross over conduit with the combustion
shaft and the regenerative shaft, wherein at least the
first connecting opening is provided in the refractory wall
of the transverse section, the connecting opening ex-
tending through the refractory wall to the bore.
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Description

[0001] The invention relates to a regenerative hot
blast stove comprising a combustion shaft, a regenera-
tive shaft arranged adjacent to the combustion shaft,
and a cross over conduit connecting the combustion
shaft with the regenerative shaft for enabling gas flow
from the combustion shaft via the cross over conduit into
the regenerative shaft, which cross over conduit com-
prises a transverse section for at least bridging a gap
between the combustion shaft and the regenerative
shaft, the transverse section being essentially formed of
a refractory wall extending around a bore, the bore lead-
ing to a first and a second connecting opening for con-
necting the cross over conduit with the combustion shaft
and the regenerative shaft.
[0002] Such a regenerative hot blast stove is known.
In US 4 169 700 a regenerative hot blast stove of this
type is described, having a combustion shaft and an ad-
jacently arranged regenerative shaft, each comprising
a refractory lining within an outer shell. The combustion
shaft comprises a burner for production of hot combus-
tion exhaust gas. The regenerative shaft is normally
filled with a checker work, to be heated by the hot com-
bustion exhaust gas in a combustion stage, and to re-
lease its heat to blasting air in a blasting stage.
[0003] In the known regenerative hot blast stove, the
top portions of the combustion shaft and the regenera-
tive shaft are each provided with a dome, which domes
are connected to each other via a cross over conduit
arranged transversely in between the side walls of these
domes. The cross over conduit as well as the domes are
made of a refractory lining within an outer shell.
[0004] A drawback of this construction is that the re-
fractory wall of the cross over conduit is restrained be-
tween the refractory lining of the domes. Due to this sit-
uation, problems may arise in horizontal and vertical
compensation of expansion differences during thermal
cycling of the regenerative hot blast stove. In particular,
in the refractory wall at the joints between the dome and
the cross over conduit may suffere from damage as a
result.
[0005] It is an object of the invention to provide an im-
proved construction.
[0006] According to the invention, there is provided
that at least the first connecting opening is provided in
the refractory wall of the transverse section, the con-
necting opening extending through the refractory wall to
the bore.
[0007] Herewith a construction is provided using a
simple cross over conduit design. Because the first con-
necting opening is provided through the essentially cy-
lindrical refractory wall, it is now possible to arrange the
cross over conduit to be connected overhead above at
least one of the combustion shaft or the regenerative
shaft. Thereby it is avoided to provide a complicated
opening in the dome side wall. Moreover, with the con-
struction according to the invention, it is possible to sup-

port the overhead cross over conduit construction in the
centreline of the combustion shaft or regenerative shaft.
[0008] An additional advantage of the invention, is
that with the connecting opening provided in the refrac-
tory wall of the transverse section, a coupling end to the
combustion shaft or the regenerative shaft can simply
be provided having its bore at a transverse angle to the
bore of the transverse section. Thereby a connection
with the combustion shaft or the regenerative shaft can
be made using relatively uncomplicated refractory
bricks, because there is no need to alter the main direc-
tion of the bore of the cross over conduit from transverse
to vertical. Herewith damage to the refractory lining in
the cross over conduit and/or the dome that may result
from thermal cycling of the regenerative hot blast stove,
is avoided or at least reduced.
[0009] As will be appreciated, it is not a mandatory
requirement of the invention in its broadest definition
that the bore be cylindrical, neither that it have a circular
cross section. Hence, within the scope of the present
invention, the term "bore" is used indicate a passage
defined by the inner superficies formed by the refractory
wall of the transverse section, including passages
formed by a pipe, tapered pipe, a pipe having a bend or
a knee, each with a cross section of any shape.
[0010] Nevertheless, it is preferred that the transverse
section is essentially cylindrical. Because of the cylin-
drical shape, the strain related to thermal expansion in
the refractory wall can be accommodated and distribut-
ed over its entire length using known techniques such
as by provision of expansion joints.
[0011] It is an advantage of the invention that the en-
tire transverse section of the cross over conduit can now
be constructed in an overhead construction using one
simple cylindrical design having a cross section of any
shape, due to the fact that the connecting opening is
provided in and through the refractory wall to the bore.
[0012] It is more preferred that the essentially cylin-
drical transverse section has a circular cross section.
The circular shape is ideal for accommodating radial
strain.
[0013] In an advantageous embodiment, the cross
over conduit, as seen from the second connecting open-
ing along the bore, is provided with an end wall extend-
ing across the bore beyond the first connecting opening.
The end wall does not only end the bore, but is also
serves to mechanically support the refractory wall of the
transverse section in its longitudinal direction.
[0014] The construction is even further improved in an
embodiment wherein the refractory wall comprises a
cross over conduit refractory lining within a cross over
conduit outer shell, whereby the first connecting open-
ing leads to a coupling end including a coupling end re-
fractory lining, whereby the coupling end refractory lin-
ing extends through the opening in the cross over con-
duit outer shell, and further extends moveably, prefera-
bly slideably, in the cross over conduit refractory lining.
[0015] Because of the moveability, preferably slidea-
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bility, of the coupling end refractory lining relative to the
cross over conduit refractory lining, the coupling end re-
fractory lining is relatively free to move upon thermal cy-
cling of the regenerative hot blast stove. Consequently
the accumulating of strain in the refractory lining is re-
duced and damage to the refractory linings that may re-
sult from thermal working of the construction is thus
avoided or at least further reduced. Moreover, the need
for complicated refractory bricks is even further mini-
mised.
[0016] In an advantageous embodiment wherein the
coupling end refractory lining extends slideably into the
opening in the cross over conduit refractory lining, the
coupling end refractory lining extends essentially verti-
cally through the connecting opening. Herewith it is
achieved that in case of thermal contraction of the cou-
pling end refractory lining, the coupling end refractory
lining can relatively easily slide back through the cross
over conduit refractory lining because movement is as-
sisted by its own weight. Consequently, the risk of intro-
ducing cracks is reduced.
[0017] Benefit of the advantages set out above are al-
ready obtained when one of connecting openings is ar-
ranged as described above. However, full benefit of the
invention is achieved in an embodiment wherein both
the first and second connecting openings are provided
in the refractory wall of the transverse section and ex-
tending through the refractory wall to the bore.
[0018] In that case, the cross over conduit can be ar-
ranged entirely overhead above the combustion and the
regenerative shafts, so that the cross over conduit re-
fractory lining is entirely free to vertical movement with
respect to the coupling end refractory linings. In addi-
tion, both ends of the cross over conduit can be provided
with an end wall extending across the bore, for longitu-
dinal support of the cross over conduit refractory lining.
[0019] The invention also relates to a cross over con-
duit for connecting a combustion shaft with a regenera-
tive shaft arranged adjacently in a regenerative blast
stove.
[0020] According to this aspect of the invention, there
is provided a cross over conduit comprising a transverse
section for at least bridging a gap between the combus-
tion shaft and the regenerative shaft when in use, the
transverse section being essentially formed of a refrac-
tory wall extending around a bore, the bore leading to a
first and second connecting opening for connecting the
cross over conduit with the combustion shaft and the
regenerative shaft, whereby at least the first connecting
opening is provided in the refractory wall of the trans-
verse section, extending through the refractory wall to
the bore.
[0021] Because of this arrangement of the connecting
openings, the cross over conduit is optimised for over-
head construction without the need to provide a bend in
refractory wall of the cross over conduit in order to alter
the direction of the bore from the transverse direction to
that of the combustion shaft or generative shaft in a re-

generative hot blast stove. Herewith the refractory wall
of the cross over conduit is less susceptible to damage
resulting from thermally induced strain cycling.
[0022] In an embodiment, the refractory wall compris-
es a cross over conduit refractory lining within a cross
over conduit outer shell, and whereby the first connect-
ing opening leads to a coupling end including a coupling
end refractory lining, whereby the coupling end refrac-
tory lining extends through the opening in the cross over
conduit outer shell, and further extends moveably, pref-
erably slideably, in the cross over conduit refractory lin-
ing. Thus, the cross over conduit refractory lining is de-
coupled from the coupling end refractory lining. Here-
with a simple construction is obtained, that is less sen-
sitive to damage resulting from thermal strain.
[0023] In a particularly advantageous embodiment,
both the first and second connecting openings are pro-
vided in the refractory wall of the transverse section and
extending through the refractory wall to the bore, and
both the first and second connecting openings are fac-
ing the same direction. Such cross over conduit can be
arranged entirely overhead above the combustion and
the regenerative shafts, with parallel extending coupling
ends, so that the cross over conduit refractory lining is
entirely free to vertical movement with respect to the
coupling ends.
[0024] Other embodiments of the cross over conduit,
and their respective advantages, can be derived from
the description relating to the regenerative hot blast
stove according to the invention.
[0025] The invention will now be illustrated with refer-
ence to the drawing wherein

FIG. 1, parts a and b, schematically shows a view
of a regenerative hot blast stove according to differ-
ent embodiments of the invention;
FIG. 2 shows a sectional view of the cross over con-
duit according to an embodiment of the invention;
FIG. 3 shows two sectional views of another em-
bodiment of the invention.

[0026] FIG. 1a shows a schematic view of a regener-
ative hot blast stove, with a combustion shaft 1, a regen-
erative shaft 2 arranged adjacent to combustion shaft 1.
The combustion shaft contains a burner (not shown) for
production of hot combustion exhaust gas. The regen-
erative shaft is normally filled with a checker work (not
shown). There is further provided a cross over conduit
3 connecting the combustion shaft 1 with the regenera-
tive shaft 2, so that gas flow is possible from the com-
bustion shaft via the cross over conduit to the regener-
ative shaft.
[0027] The cross over conduit has a transverse sec-
tion comprising a cylindrical refractory wall 8 extending
along an essentially horizontal axis, and one of its ends
is closed by an end wall 5.
[0028] In the embodiment shown in FIG. 1a, the cross
over conduit 3 is connected near its end 5 to the com-
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bustion shaft 1 with a vertically positioned intermediate
coupling element 4 in between. The cross over conduit
3 extends overhead above the combustion shaft 1,
which is made possible by provision of the connecting
opening through the cylindrical part 8 of the refractory
wall. The other end 6 of the cross over conduit 3 is di-
rectly connected to a dome 7, in a similar was as the
state of the art represented, for instance, by US 4 169
700, which in turn is connected to the regenerative shaft
2. Seen from the end 6 connected to dome 7 of the re-
generative shaft 2, the transverse section extends be-
yond the connecting opening that is connected to the
intermediate coupling element 4.
[0029] FIG. 1b shows a schematic view of a regener-
ative hot blast stove in another embodiment according
to the invention. Again, there are provided a combustion
shaft 1 and a regenerative shaft 2 arranged adjacent to
combustion shaft 1. There is further provided an over-
head cross over conduit 13 connecting the combustion
shaft 1 with the regenerative shaft 2, so that gas flow is
possible from the combustion shaft via the cross over
conduit to the regenerative shaft.
[0030] The cross over conduit 13 has a cylindrical re-
fractory wall 18 extending along an essentially horizon-
tal axis, and one of its ends is closed by an end wall 5
and similarly the other one of its ends is closed by an
end wall 15. In the embodiment shown in FIG. 1b, the
cross over conduit 13 is connected near its ends 5 and
15 respectively to the combustion shaft 1 via a vertically
positioned intermediate coupling element 4, and to the
regenerative shaft 2 with a vertically positioned interme-
diate coupling element 14. Cross over conduit 13 ex-
tends overhead above the combustion shaft 1 on one
side and above the regenerative shaft 2 on the other
side, which is made possible by provision of the con-
necting openings through the cylindrical part 18 of the
refractory wall. The regenerative shaft is provided with
a dome 17.
[0031] Referring now to FIG. 2, there is shown a sec-
tional view of a cross over conduit construction in a re-
generative hot blast stove similar to the one shown in
FIG. 1b. There is shown part of the combustion shaft 1,
part of the regenerative shaft 2 which is provided with
dome 17. The combustion shaft 1 and the regenerative
shaft 2 are connected with use of cross over conduit 13.
The cross over conduit includes a transverse section,
made of a cylindrically shaped refractory wall 28 defin-
ing a bore 16, provided with end walls 29 and 30 across
the bore 16 on each of the ends of the transversal sec-
tion. The refractory wall of the cross over conduit 13 in-
cludes a cross over conduit outer shell 22 and a cross
over conduit refractory lining 23. In between the cross
over conduit outer shell 22 and the cross over conduit
refractory lining are provided several insulating layers
26. Such insulating layers are also provided at the end
walls 29 and 30.
[0032] There are connecting openings provided in the
cylindrical refractory wall 28 of the cross over conduit

13. As can be seen, the connecting openings extend
through the refractory wall to the bore 16. These con-
necting openings are located near the end walls 29 and
30 respectively, but such that the cross over conduit re-
fractory wall 28 of the transverse section, and the bore
16, extend out to the end walls beyond the connecting
openings. Thus the connecting openings are provided
through the cylindrical refractory wall.
[0033] Between the combustion shaft 1 and the cross
over conduit 13 is provided an intermediate coupling el-
ement 4, and similarly intermediate coupling element 14
is provided the cross over conduit 13 and the dome 17.
As can be seen, the coupling elements 4 and 14 are
essentially cylindrical and extend about the central ver-
tical axis of the combustion shaft and the regenerative
shaft, respectively.
[0034] The intermediate coupling element 14 includes
a coupling end outer shell 20 which is covered on the
inside with a coupling end refractory lining 21. As can
be seen, the coupling end refractory lining 21 extends
through the cross over conduit outer shell 22 in the con-
necting opening provided in the cylindrical refractory
wall 28, and it further extends into the cross over conduit
refractory lining 23.
[0035] The coupling end refractory lining 21 is verti-
cally slideable with respect to the cross over conduit re-
fractory lining 23 so as to accommodate vertical move-
ment of the cross over conduit refractory lining 23 rela-
tive to the coupling end refractory lining 21.
[0036] In a similar way, the intermediate coupling el-
ement 4 includes a coupling end outer shell 24 which is
covered on the inside with a coupling end refractory lin-
ing 25. The coupling end refractory lining 25 extends
through the cross over conduit outer shell 22 in a con-
necting opening provided in the cylindrical refractory
wall 28, and it further extends slideably into the cross
over conduit refractory lining 23.
[0037] The coupling end outer shells 20 and 24 can
be connected to the cross over conduit outer shell 22
using any standard method in this field of art.
[0038] The refractory lining in the transverse section
is provided with expansion joints 31, which are known
in the art. The presence of the end walls 29 and 30, in
combination with the fact that the transverse section is
cylindrical, longitudinally supports the refractory lining
23 ensuring that any longitudinal strain is indeed accom-
modated in the expansion joints 31. This also protects
the refractory lining of the coupling ends 21 and 25 from
being damaged.
[0039] Also provided are compensation means 27, to
accommodate for instance thermal expansion or con-
traction of the combustion shaft relative to the regener-
ative shaft. Such compensation means are known in the
art.
[0040] As can be seen, the vertically extending refrac-
tory linings 21 and 25 of the intermediate coupling ends
14 and 4 are supported by the refractory lining of the
underlying domes.
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[0041] FIG 3 shows an alternative construction. FIG.
3a is a longitudinal section along line a-a shown in FIG.
3b, and schematically shows the bore 45 along its
length. FIG. 3b is a longitudinal section along line b-b
shown in FIG. 3a, and provides a view along the bore 45.
[0042] In this embodiment, the refractory lining 41 of
the coupling end is supported by support ledge 40 which
is connected to the coupling end outer shell 44. This re-
duces the load on the refractory lining of the dome 47.
Also shown are the cylindrical refractory wall of the
transverse section of the cross over conduit, including
the cross over conduit refractory lining 33, the insulating
layers 36 and the cross over conduit outer shell.

Claims

1. Regenerative hot blast stove comprising a combus-
tion shaft, a regenerative shaft arranged adjacent
to the combustion shaft, and a cross over conduit
connecting the combustion shaft with the regener-
ative shaft for enabling gas flow from the combus-
tion shaft via the cross over conduit into the regen-
erative shaft, which cross over conduit comprises a
transverse section for at least bridging a gap be-
tween the combustion shaft and the regenerative
shaft, the transverse section being essentially
formed of a refractory wall extending around a bore,
the bore leading to a first and a second connecting
opening for connecting the cross over conduit with
the combustion shaft and the regenerative shaft,
characterised in that at least the first connecting
opening is provided in the refractory wall of the
transverse section, the connecting opening extend-
ing through the refractory wall to the bore.

2. Regenerative hot blast stove according to claim 1,
wherein, as seen from the second connecting open-
ing along the bore, the bore extends beyond the first
connecting opening.

3. Regenerative hot blast stove according to claim 1
or 2, wherein the transverse section is essentially
cylindrical, preferably essentially circular cylindri-
cal.

4. Regenerative hot blast stove according to any one
of the preceding claims, wherein the cross over con-
duit, as seen from the second connecting opening
along the bore, is provided with an end wall extend-
ing across the bore beyond the first connecting
opening.

5. Regenerative hot blast stove according to any one
of the preceding claims, wherein the refractory wall
comprises a cross over conduit refractory lining
within a cross over conduit outer shell, and whereby
the first connecting opening leads to a coupling end

including a coupling end refractory lining, whereby
the coupling end refractory lining extends through
the opening in the cross over conduit outer shell,
and further extends moveably, preferably slideably,
in the cross over conduit refractory lining.

6. Regenerative hot blast stove according to claim 5,
wherein the coupling end refractory lining extends
essentially vertically in the connecting opening.

7. Regenerative hot blast stove according to claim 5
or 6, wherein the coupling end is essentially cylin-
drically shaped.

8. Regenerative hot blast stove according to any one
of the preceding claims, wherein both the first and
second connecting openings are provided in the re-
fractory wall of the transverse section and extend-
ing through the refractory wall to the bore.

9. Cross over conduit for connecting a combustion
shaft with a regenerative shaft arranged adjacently
in a regenerative blast stove, the cross over conduit
comprising a transverse section for at least bridging
a gap between the combustion shaft and the regen-
erative shaft when in use, the transverse section be-
ing essentially formed of a refractory wall extending
around a bore, the bore leading to a first and second
connecting opening for connecting the cross over
conduit with the combustion shaft and the regener-
ative shaft, characterised in that at least the first
connecting opening is provided in the refractory wall
of the transverse section, extending through the re-
fractory wall to the bore.

10. Cross over conduit according to claim 9, whereby
the refractory wall comprises a cross over conduit
refractory lining within a cross over conduit outer
shell, and whereby the first connecting opening
leads to a coupling end including a coupling end re-
fractory lining, whereby the coupling end refractory
lining extends through the opening in the cross over
conduit outer shell, and further extends moveably,
preferably slideably, in the cross over conduit re-
fractory lining.

11. Cross over conduit according claim 9 or 10, wherein
both the first and second connecting openings are
provided in the refractory wall of the transverse sec-
tion and extending through the refractory wall to the
bore, and both the first and second connecting
openings are facing the same direction.
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