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[57] ABSTRACT

An apparatus and process for slag deposit removal
wherein water is injected under pressure towards the
heat absorption surface in the furnace section of a
vapor generator to create a thermal shock and a
mechanical force which causes the slag deposits on
the surface to separate therefrom. A nozzle is pro-
vided which has a plurality of orifice units extending
at different acute angles with respect to a plane per-
pendicular to the longitudinal axis of the body portion
of the nozzle, so that when the nozzle is rotated, a plu-
rality of spiral streams of cleaning fluid are injected.

7 Claims, 5 Drawing Figures
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APPARATUS AND PROCESS FOR SLAG DEPOSIT
REMOVAL

CROSS-REFERENCE TO RELATED APPLICATION

This application is a continuation of U.S. patent ap-
plication Ser. No. 851,875, filed Aug. 21, 1969, now
abandoned.

BACKGROUND OF THE INVENTION

In the generation of power from fossil fuels, there has
been a great deal of interest in building the vapor
generators close to the source of fuel. This type of in-
stallation has'resulted in the availability of many types
of fossil fuels, such as various types of lignite, which
heretofore have not been practical.

There is a major problem attendant in the firing of
fuels such as lignite, which have a high alkali metal con-
tent, and this relates to the severe slag deposits that are
formed on the heat absorption surface in the furnace
section during the operation of the vapor generator.
For example, severe slagging of the furnace wall heat
transfer surface has been found to occur when the com-
bined content of sodium and potassium in the fuel ex-
ceeds.2'percent of the ash. The presence of calcium in
the fuel can also further aggravate the problem.

In the past, the fouling of boiler surfaces by heavy
slag deposits has been avoided primarily by restricting
and blending the lignite fuel and using additives such as
kaolin. Even with this restricted use of lignite, the
problem of fouling furnace heat transfer surfaces has
still persisted to a great degree, rendering it necessary
to-use a large number of steam soot blowers.

In U.S. Pat. application Ser. No. 759, filed Sept. 11,
1968, and assigned to the assignee of the present inven-
tion, a plurality of nozzles, each having a single orifice
unit, were directed on the heat absorption surface in
the furnace section in order to exert a combined ther-
mal shock and mechanical force to continuously clean
the deposits formed thereon. Although this effectively
removed ‘the slag to -an extent whereby the vapor
generator could be operated continuously near rated
capacity, even when fired with a fuel such as lignite
having a highalkali metal content, this design neces-
sitated a traversing and rotation action of each spray
nozzle in one direction, indexing at the end of the for-
ward ‘transversing cycle, reverse rotation and retract-
ing, -and returning to the start of the cycle. This
-procedure required a minimum of 4 ‘minutes per
deslagger, and a total time of several hours to complete
total deslagging of all boiler walls on a single boiler. It
can be appreciated that this increased time is expensive
‘both from:a time and economical point of view.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
provide an apparatus and method for the removal .of
slag deposits from the heat absorption surface in:the
furnace section of a vapor generator, which will sub-
stantially ‘decrease the amount of time required to
complete total deslagging of all boiler walls on a single
boiler, ‘without reducing the thermal shock and
mechanical force which cause the deposits of slag to be
separated from the heat absorption surface.

To the fulfillment of this object, the present inven-
tion features the-use of the simultaneous spraying of at
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least two streams of cleaning fluid towards the furnace
section of a vapor generator by means of a blast nozzle
having at least two orifice units carried on its body por-
tion and registering therewith, said orifice units extend-
ing at different acute angles with respect to a plane per-
pendicular to the longitudinal axis of said body portion.
In accordance with a preferred embodiment, there are
two orifice units spaced approximately-180° apart.

BRIEF DESCRIPTION OF THE DRAWINGS

The above brief description as well ‘as further ob-
jects, features, and advantages, of the present invention
will be more fully appreciated by reference to the fol-
lowing detailed description of presently preferred but
nonetheless illustrative embodiments in accordance
with the present invention when ‘taken in connection
with the accompanying drawings wherein:

FIG. 1 is a sectional view taken through the front and
rear walls of a typical vapor generator, to more clearly
show the location of the blast nozzle of the present in-
vention;

FIG. 2 is a side elevational view of the ‘blast nozzle
according to the present invention;

FIG. 3 is a fragmentary enlarged sectional view
through the line 3—3 of FIG. 2, depicting a portion of
the heat absorption surface of the rear wall, with the
concentric circle showing 'the spray patterns achieved
by the blast nozzle during slag removal;

FIG. 4 is a sectional view showing a portion of the
wall of a vapor generator with the blast nozzle shown in
aretracted position outside of the furnace section; and

FIG. 5:is a sectional view through line §—35 of FIG. 4,
with the broken line views showing the blast nozzle in
two different extended positions within the furnace sec-
tion during the slag removal operation.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring specifically to the drawings, there is shown
schematically in FIG. 1 a vapor generator 10 provided
with an injection system for water, or other cleaning
fluid, including a blast nozzle generally designated by
the reference numeral 12. The vapor .generator 10 in-
cludes a furnace section 14 capable of being fired with
high alkali metal content fossil fuels, and forming com-
bustion gases which are passed through an upward ver-
tical gas pass 16, to a horizontal gas pass 18, and
through a downward vertical gas pass 20 to the stack,
as indicated by the directional arrows.

The vapor generator 10 is formed: from a plurality of
fin-tube walls shown in general by the reference nu-
meral 22'in FIG. 3, which define a heat absorption sur-
face in the furnace section 14. The latter section 14 in-
cludes a front wall 26, a rear wall 28, and a pair of side
walls 30, only one of the latter being shown.in'FIG. 1. A
heavy slag zone 32 extends from ‘the bottom of the
height of the furnace section 14, up to approximately
75 percent of the height of the furnace section 14,:as
shown by the bracket in FIG. 1. It has been found: that,
when firing the furnace section ‘14 with high alkali
metal content fuels, the slag deposits are concentrated
on the walls in the zone 32. (It:should .be understood
that, for the purpose of the application, references
made to slag deposits is contemplated to mean the
build-up of material on the heat absorption surface of
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the fin-tubes 22 of the walls when the furnace section is
fired with high alkali metal-content fuels such as lig-
nite, which have a content of sodium and/or potassium
in excess of 2 percent of the ash. These deposits form a
coating on the heat absorption surface which results
from the ash fusing at relatively high thermal condi-
‘tions.)

Each wall in the furnace section 14 is provided with a
plurality of blast nozzles 12. Although only one nozzle
is shown extending through each wall in FIG. 1 of the
drawings for convenience of presentation, it is un-
derstood that a plurality of nozzles will extend through
each wall.

Referring specifically to FIG. 2, each nozzle 12 is
made up of a cylindrical body portion 40 which re-
gisters with a pipe lance (not shown) which will be
described in detail later. The free end portion of the
body portion 40 is enlarged and is adapted to accom-
modate a pair of radially extending orifice units 42 and
44. These orifice units are disposed at a 180° angle with
respect to each other along the enlarged end portion of
the body portion 40, and each extends at different
acute angles with respect to a plane perpendicular to
the longitudinal axis of the body portion 40. The latter
plane is referred to by the reference letter P in FIG. 2,
and the longitudinal axis 42a of the orifice unit 42 ex-
tends at an angle a with respect to the plane P and the
longitudinal axis 444 of the orifice unit 44 extends at an
angle b with respect to the plane P. The disposition of
the orifice units 42 and 44 on the body portion 40 are
such that angles a and b are acute, with angle a being
slightly larger than angle b.

In this manner, when water under pressure is applied
to the body portion 40, and the latter is rotated and
translated in a manner that will be described in detail
later, two different continuously increasing spiral spray

. patterns will be trained rearwardly toward, and impinge
upon, the wall through which the nozzles are mounted.
The spray pattern from the orifice unit 42 is shown by
the solid lines in FIG. 3 and the spray pattern from the
orifice unit 44 is shown by the broken lines.

_As an example of the number and location of the
nozzles, nine nozzles may be located with respect to the
front wall 26, with the rear wall 28 and each of the side
walls 30 being respectively provided with two nozzles.
The reason for the relatively large amount of nozzles on
the front wall is due to the fact that the largest amount
of slag deposits will be formed on this wall since, in nor-
mal practice, a plurality of burners (not shown) will be

located on the rear wall 28 and thus direct their heat -

towards the front wall 26.

Since the slag deposits are continuously formed on
the heat absorption surfaces of the walls 26, 28, and 30,
it is necessary to periodically and sequentially actuate
the nozzles 12 in order to maintain full capacity per-
formance of the vapor generator 10.

To this end, an injection system for one nozzle is
shown cooperating with a rear wall 28 in FIGS. 4 and 5,
it being understood that the arrangement and operation
of the other walls is identical. Specifically, the injection
system includes a carriage 50 which is adapted to travel
on a pair of rails 82 in a direction which is lateral with
respect to the longitudinal axis of the furnace section
14. Mounted on the carriage 50 is a carriage drive 54
for imparting lateral directional movement to the car-
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riage, and a nozzle drive 86 for imparting rotational
movement to the nozzle 12 via a pipe lance 58 which
operatively connects the drive to the nozzle. A source
of water, or other cleaning fluid, is shown by the
reference numeral 60, and is placed in flow communi-
cation with the nozzle 12 by means of a flexible hose
unit 62 which is connected to pipe lance 58. The pipe
lance 58 travels into the furnace section 14 through an
opening 64 which is formed in the wall 28.

A control system 66 is operatively connected to the
carriage drive 54 and to the nozzle drive §6 in order to
periodically effect lateral and rotational movement of
the lance 58, as disclosed in the above-mentioned U.S.
patent application. The connections between the con-
trol system 66 and the carriage drive 54, the nozzle
drive 56, and the water source 60 are shown schemati-
cally by the reference numeral 68. Of course the water
is placed under a predetermined pressure by any
known means, and a valve or the like can be associated
with each nozzle to control the flow of water
therethrough, in a known manner.

In accordance with the operation of the injection
system of FIGS. 4 and 5, the control system 66 is pro-
grammed to periodically and sequentially actuate the
carriage drive 54, the nozzle drive 56, and a continuous
flow circuit also disclosed in the above-mentioned ap-
plication. In this manner the carriage 50 is moved in a
forward and rearward direction with respect to the
through opening 62, and the pipe lance 58 is thus
moved from a retracted position as shown by the solid
lines, to a series of extended positions as shown by the
broken lines, with the nozzle 12 continuously rotating
in one direction as shown by the directional arrows in
FIG. 1. As a result, the two water sprays from the ori-
fice units 42 and 44 of the nozzle form two different
continuously increasing spirals and create a combined
thermal shock and mechanical force against the walls
of the furnace to cause the separation of the slag
deposits from the heat absorption surface defined by
the fin-tubes 22.

It should be understood that the embodiment of the
injection system shown in FIGS. 4 and § is disclosed
only as an example of one mode of advancing the noz-
zles 12 into and out of the furnace section 14. Ac-
cordingly, it would be possible to employ a variety of
mechanical means to advance and retract the nozzles,
such as a combined motor and solenoid, etc.

From the foregoing it can be appreciated that an ap-
paratus and method has been provided for removing
slag deposits from the heat absorption surface at an in-
creased rate and with increased efficiency. In fact, it
has been ascertained that the total deslagging time for
the furnace described herein is reduced by approxi-
mately one-half when compared to systems utilizing
single orifice nozzles. .

A latitude of modification, change and substitution is
intended in the foregoing disclosure and in some in-
stances some features of the invention will be employed
without a corresponding use of other features. Ac-
cordingly, it is appropriate that the appended claims be
construed broadly and in a manner consistant with the
spirit and scope of the invention herein.

Iclaim:

1. A slag deposit removal apparatus for cleaning the
heat absorption surface of an inner wall in the furnace
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section of a vapor generator, said apparatus comprising
a plurality of blast nozzles, each comprising a body por-
tion and at least two orifice units directed towards said
wall and extending from said body portion at two dif-
ferent angles with respect to a plane perpendicular to
the longitudinal axis of said body portion; means to
supply a fluid to said nozzles; means to translate said
nozzles inside said furnace; and means to rotate said
nozzles during their translation inside said furnace to
create two ‘continuously increasing spirals of fluid of
varying patterns which impinge against said wall to
direct a combined thermal shock and mechanical force
against said heat absorption surface and cause the
separation of the slag deposit from said heat absorption
surface.

2. The apparatus of claim 1 wherein said translating
‘means is adapted to automatically translate said nozzles
between an operative position inside said furnace and
an inoperative position outside said furnace according
to a predetermined sequence. _

3. The apparatus of claim 1 wherein said body por-
tion is cylindrical and wherein said orifice units ‘extend
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radially with respect thereto.

4. The apparatus of claim 3 wherein there are two
orifice units spaced approximately 180° apart.

5. A process for the removal of deposits of slag from
the heat absorption surface of the furnace section of a
vapor generator, comprising the steps of simultane-
ously spraying at least two streams of cleaning fluid
towards said surface at different angles thereto from at
least one nozzle, rotating said nozzle, and translating
said nozzle relative to said surface, to form two dif-
ferent continuously increasing spiral spray patterns.

6. The process of claim 5 in which the spraying of
said fluid is controlled so that the spraying is periodi-
cally and sequentially activated in accordance with the
build-up of slag.

7. The process of claim § wherein said step of trans-
lating is-done automatically between an operative posi-
tion inside said furnace and an inoperative position out-
side said furnace according to a predetermined
sequence.



