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[57] ABSTRACT 
A method and apparatus for deslagging high tempera 
ture water walls of boilers while steaming, utilizing a jet 
of water applied in such manner as to develop suf?cient 
mechanical energy to dislodge the slag without chilling 
the wall to a harmful degree. 

12 Claims, 8 Drawing Figures 
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METHOD AND APPARATUS FOR CLEANING 
HEATED SURFACES 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

This is a continuation of application Ser. No. 353.433, 
?led Mar. 1, 1982, now abandoned. 

BACKGROUND OF THE INVENTION 

Cleaning highly heated surfaces such as the outsides 
of the tubes of water tube boilers and the like has com 
monly been performed by soot blowers employing 
steam, air, or a combination of steam and air as the 
blowing medium. The dislodging of deposits of slag and 
other fouling materials has become increasingly diffi 
cult as the operating temperatures of boilers have in 
creased and the use of fuels of lower quality has become 
more common. 

It has long been known that the use of water, either 
alone or in combination with a gaseous blowing me 
dium, can increase the ability to dislodge highly adher 
ent deposits, and water has been so used both in soot 
blowers and in hand lances. It has generally been con 
sidered that the effectiveness of water for this purpose is 
dependent upon a thermal shock effect, which, by tend 
ing to shrink and embrittle the deposit, results in fractur 
ing the same so that it will fall or may more easily be 
dislodged. In order to obtain a sufficient cleaning effect 
by the use of water in accordance with this previously 
accepted theory, the danger of overstressing the hot 
surfaces was substantial, and in fact rapid deterioration 
of boiler tubes by thermal shock has frequently been 
caused by such use of water. 
The problem is particularly severe in connection with 

cleaning the water walls in the combustion chambers of 
large boilers, where the tubes are quite rigidly held in 
position, and therefore cannot distort in response to 
temperature induced shrinkage and expansion tenden 
cies as readily as can the pendent tubes. One method of 
attempting to control thermal shock while utilizing 
water for boiler cleaning has involved throttling the 
water supply in such manner that the actual amount of 
water striking different areas of the tubes will be sub 
stantially constant. Where, for example, a water wall 
surface is to be cleaned by a retracting-type blower 
which projects a jet in a spiral path against a water wall 
surface, this former practice would dictate reducing the 
rate of water ?ow from the jet, while it is discharing 
against surfaces closer to the nozzle, to a value lower 
than that used while it is discharging against surfaces 
farther from the nozzle, so that the amount of water 
striking each incremental area of uniform size will be 
rendered more uniform, the theory being that thermal 
shock would correspondingly be held within predeter 
mined limits. ‘ 

Essentially, therefore, prior attempts to utilize water 
and acqueous solutions to assist in dislodging slag and 
the like were based upon an unreliable equating of ther 
mal shock with cleaning, from which it often appeared 
necessary to utilize, or permit, such a high degree of 
thermal shock, to dislodge the slag, that damaging the 
tubes was unavoidable. It follows from this that in a 
great many instances water simply could not be used, 
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2 
because the volume required to dislodge the slag by 
such methods of operation would damage the tubes. In 
other instances some damage and shortened tube life 
have been tolerated in the interests of maintaining 
streaming rates under dif?cult cleaning conditions. Dis 
closures representative of prior thinking are contained 
in US. Pat. Nos, 1,840,545 of Jan. 12, 1932 and 
3,344,459 granted Oct. 3, 1967. 
By careful ?eld observations and tests, however, I 

have determined that effective cleaning of slag from 
boiler surfaces can be achieved while holding thermal 
shock far below values which would damage the tubes, 
and that in fact, by practicing my improved method, 
slag removal can be rendered virtually independent of 
thermal shock. 
The overall objective of the present invention, there 

fore, is to provide a method and apparatus whereby 
highly adherent deposits such as slag can be removed 
from hot surfaces with the aid of water with minimized 
thermal shock and in a manner which prevents damag 
ing the surfaces. 
Other objects and advantages will become apparent 

upon consideration of the present disclosure in its en 
tirety. 

BRIEF DESCRIPTION OF THE FIGURES OF 
DRAWING 

FIG. 1 is a diagrammatic view corresponding to a 
fragmentary elevation of the water wall of a large fossil 
fuel boiler, showing the positioning of a water blower 
and a group of thermocouples as used in a test of this 

invention; 
FIG. 2 is a schematic diagram of the water control 

system of the cleaning apparatus of FIG. 1; 
FIGS. 3A and 3B comprise a chart showing the re 

sults of comparative tests of the invention and of prior 
known methods; and 
FIGS. 4-7 inclusive are graphs depicting results of 

the tests and containing comparative showings of signif 
icant factors. 

DETAILED DISCLOSURE OF PREFERRED 
EMBODIMENT OF THE INVENTION 

In practicing my invention I provide a water jet 
which is so proportioned and which is so moved along 
the heated surfaces impinged thereby that the mechani 
cal energy of impinging droplets of water is sufficient to 
dislodge the fouling material, but the thermal shock 
effect is reduced to a very low value which will mini 
mize harm to the tubes. 
The principal cause of thermal shock in the use of 

water against boiler surfaces is the latent heat of vapori 
zation of the portion of the water which boils while in 
contact with the tubes. I have found that water pro 
jected against the tubes from a distance of several feet, 
even in the highly heated water wall areas in the fur 
nace section of large public utility boilers, will, if the jet 
is relatively small in size, high in velocity and moved 
quite rapidly over the surface, while being pr'ojected 
thereagainst at a suitable angle, strike the tubes in the 
form of droplets, and then tend to bounce off the tubes 
with little wetting of the tubes and greatly minimized 
evaporation while in contact therewith. If on the other 
hand former practices are followed in which a rela 
tively large volume of water is projected against the 
tubes from a slow moving jet of large diameter, the 
water will boil while in contact with the tubes to a 
greater extent, because with such practices the jet tends 
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to ?atten, spread and even run down the tubes. High 
thermal shock is therefore caused. Such cooling of the 
slag deposits also has a tendency to harden the deposits 
and to render them more difficult to dislodge, so that 
the process is to a degree self-defeating. 

I have also found that the angle at which the jets 
strike the slag has an effect upon the efficiency of slag 
removal. In the high temperature zones, where the slag 
is quite plastic, the tendency of the jet to peel the slag 
from the tubes-somewhat analogous to the effect of 
“peeling’f wet snow from a sidewalk with a snow 
shovel——can improve the operation, although this does 
not affect the fundamental principles of my invention, 
and the preferred angle of jets will vary somewhat with 
the conditions of temperature and the composition of 
the fouling materials. The optimum jet characteristics 
and speed of jet movement which will perform the most 
efficient cleaning will also vary with such factors, but 
from the above explanation I believe it will be evident 
that for any given condition a jet of small diameter and 
high velocity, applied at an efficient angle, will perform 
efficient cleaning of slag-like deposits when moved 
along the surface to be cleaned at a relatively high mini 
mum speed which is fast enough so that the amount of 
water vaporized against the tubes does not cause chill 
ing to an extent which will create damaging thermal 
shock. 
Where low water pressure is used in such a jet, the 

tendency of the water to run down the tube rather than 
bouncing off is increased, so that thermal shock and 
stress are higher. This tendency is also affected by the 
angle that the jet strikes the wall. In one test operation, 
a twenty degree angle provided highly effective clean 
ing with minimum shock effect when the other factors 
referred to were properly adjusted. The temperature of 
the water employed made very little difference in the 
operation. The tests were conducted with water at a 
temperature of from 70° to 150°, with no material differ 
ence in the effect. In both instances the water jet broke 
into droplets which struck and bounced off the tubes 
after passing through hot gas for a distance of six feet in 
the combustion chamber, which was at a temperature of 
approximately 2,400“ F. In fact droplets of the de?ected 
spray were projected out through an open observation 
door in substantial quantities, striking the test personnel, 
without burning the skin. 

I have also found that cleaning by my method can be 
effectively performed with a single jet. In the past it has 
been considered necessary to use two nozzles, in the 
performance of water cleaning, upon the incorrect the 
ory that the two nozzle passes thus provided over each 
area were necessary so that the ?rst jet could pre-cool 
and shrink the slag and so prepare it for removal by the 
second jet. With my method, two nozzles can be used, 
and this provides a safety factor in case one nozzle 
becomes plugged by dislodged slag, but if two nozzles 
are used they are, as indicated above, of small size, high 
velocity, and moved so rapidly that harmful shock is 
not caused. 
With my method it is also possible to clean the tubes 

so thoroughly that the jet not only removes slag, but 
also removes scale from the tubes, leaving the bare 
metal. A bare metal tube is much more resistant to the 
build-up of slag than a scaled tube. 
The water pressure has little effect on thermal shock, 

so long as the jet velocity and rate of travel are high 
enough and the jet diameter and volume of water are 
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4 
low enough. Pressures from 50 psi to 200 psi have been 
utilized with success. 
A report of tests of this invention conducted during 

July and Aug. of 1971 will be given for the purpose of 
disclosing the findings and the best techniques known to 
date for practicing the invention, although it will be 
recognized that the parameters might be expected to 
vary under different conditions of boiler construction, 
operating temperatures, fuel, etc. 
The boiler was a large public utility boiler having a 

membrane-type water wall, burning powdered North 
Dakota lignite. The water was projected against the 
water wall by a short retracting blower of the IK type 
having a pair of straight round-orificed nozzles. The 
diameters of the nozzle orifices were changed in certain 
of the tests. The blower was of the single motor type 
with a ?xed ratio of rotation to translation (approxi 
mately 180° per inch of translation). The blower trav 
eled 41 inches into the boiler, while rotating and direct 
ing the jet back against the wall at an angle of approxi 
mately 20° to the wall surface. The path ofjet impinge 
ment during its inward movement into the boiler was 
therefore a spiral of increasing diameter, and a reverse 
spiral of decreasing diameter during retraction. 
FIG. 1 corresponds to a diagrammatic elevation of a 

portion of the water wall of the boiler used in the test. 
The tubes, which are diagrammatically indicated by the 
broken lines “T," extend vertically, and are 2% inch OD 
on 3}, inch centers, connected by membranes. FIG. 1 
shows the relative positioning of the blower and ten 
thermocouples which were installed on the furnace wall 
to monitor the thermal shock on the tubes produced by 
the water jets. As indicated in FIG. 1, these consisted of 
?ve thermocouples, III-H5 inclusive, on a horizontal 
center line from the blower, H1 being spaced 17 inches 
from the blower, and the others 14 inches, apart, and 
five thermocouples, V6—V10 inclusive, in a vertical row 
and spaced approximately similarly from the blower. 
The blower and its control mechanism were rebuilt in 
such a manner that it could be operated either at a con 
stant rotational and translational speed, in the conven 
tional manner, or at a variable speed, by replacing the 
AC motor and gear reducer with a DC motor with a 
DC variable speed control to produce desired motor 
speed. A flow rate meter, M, FIG. 2, was used to moni 
tor the water flow in gallons per minute for each test, 
and a pressure gauge G connected to the stationary feed 
tube of the blower was installed to monitor the pressure 
of the blowing medium. 

Several tests were ?rst run with the blower operating 
in a normal manner, that is, at a constant rotational and 
translational speed, discharging water through No. 40 
nozzles (5/32 inch diameter orifices) at various water 
pressures which are indicated along the abscissa in FIG. 
4. Under such conditions of constant blower speed, 
since the angular rate of rotation is constant, the rate of 
linear travel of the point of impingement of the jet with 
the surface of the wall is much slower in the smaller 
areas of the spiral, where the jet is close to the wall, and 
is very much faster near the maximum spiral diameters, 
when the nozzle is near full penetration. The data taken 
during these initial runs are not contained in FIGS. 3A 
and 3B, but the results thereof graphed in FIG. 4 show 
not only the decreased thermal shock at positions far 
ther from the blower axis, where the linear rate of travel 
of the point of jet impact was higher, but also that no 
significant change occurs throughout a wide variation 
of nozzle pressure. 
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FIG. 3 tabulates the readings of subsequent test oper 
ations performed with the above apparatus, with the 
boiler operating normally, and with changes made to 
test the theory of this invention. The furnace tempera 
tures in the regions of the thermocouples were in the 
region of 2,400° F. The recordings in FIG. 3 show, in 
degrees F, the maximum temperature drop, as indicated 
at each thermocouple station as a result of the cooling 
effect of the water. 
The charts, FIGS. 3A and 38, containing the read 

ings used in preparing FIGS. 5-7, are furnished for the 
purpose of showing the aberrations which may assist 
those skilled in the art to make an independent evalua 
tion. 

In further explanation of the aberrations, it may be 
noted that at the start of the tests a heavy slag formation 
existed at the H5 thermocouple location, which was at 
the outer limit of the cleaning radius of the water lance. 
The H; thermocouple became defective after the 20th 
test. Thermocouple H3 was obviously defective. It 
could not be repaired, because the boiler was on the 
line; and the reason for its defective operation cannot 
yet be determined, since the boiler is expected to remain 
on the line for at least several months. The H3 readings 
should therefore be ignored. Thermocouple H4, for 
reasons unknown, gave consistently higher readings 
than H2. Some of the other readings were questionable 
and some were approximated. Such entries, however, 
are marked “Est.” and “?." Such defects are to be ex 
pected due to such conditions as the sensitivity and _ 
rapid response of the instrumentation which sometimes 
caused rapid swings, the turbulence and flow patterns in 
the furnace chamber, etc. Such factors in some instances 
prevented any readings at all. Accurate temperature 
determinations are in fact almost impossible to obtain in 
this type of installation, but suf?cient readings were 
obtained to indicate the effect and signi?cance of the 
factors in question on thermal shock and it will be seen 
that each operating thermocouple, regardless of such 
aberrations, consistently showed sharp reduction of 
thermal shock in response to increased speed of travel 
of the jet over the wall. 

Moreover, it was found by observation that effective 
cleaning of adherent slag could be achieved, at low 
thermal shock, using water at a temperature of about 
70° F. (although water temperature is not critical) pro 
jected from No. 40 nozzles at pressures between 150 and 
200 psig while moving the jet over the surface at 
250-350 feet per minute. 

Tests l-7 inclusive were made with the motor driving 
the blower at a constant speed corresponding to 17 
inches per minute inward travel, which corresponds to 
a rotational speed of approximately 8.5 rpm. The only 
factor which was changed in tests 1-7 was the water 
pressure. Similarly, in tests 15-18, the nozzle size and 
rate of drive were held constant and the blowing pres 
sure was changed. The ?gures entered on the chart 
indicate the maximum temperature drop, in degrees 
Fahrenheit, caused by the jet. It will be seen that this 
did not change signi?cantly at the several thermocouple 
stations in response to changes of blowing pressure. 
FIGS. 5-7 show significant aspects of the readings in 

graphic form. 
FIG. 5 shows the effects on thermal shock (tempera 

ture drop in degrees F.) created by changing nozzle 
sizes. (No. 20:7/64 inch dia., No. 30:9/64 inch dia., 
No. 40:5/32 inch dia., No. 60:3/16 inch dia., No. 
70: 13/64 inch dia.) It will be seen that an increase of 
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nozzle size increases thermal shock. Since the actual 
dwell time of the water on the tube wall surface is be 
lieved by me to be the factor controlling shock, this was 
to be expected. In this connection it will be appreciated 
that with conventional (constant rotational speed) 
blower operation, as in tests 1-11 and 15-20, the dwell 
time is less, due to its more rapid linear travel, as the jet, 
in its outward spiral movement from the center loca 
tion, reaches the areas of the thermocouples shown in 
FIG. 1 which have the higher numbers. Conversely, 
during its travel in the areas of thermocouples closer to 
the blower, the travel is slower and dwell time longer, 
and as clearly shown in the charting, the thermal shock 
is correspondingly higher. Although the performance 
of thermocouples is not as reliable as might be desired, 
and the instrumentation involved difficulties, as noted, 
so that the temperature drop indications cannot all be 
rigorously correct, they significantly support the con 
clusions stated, being sufficiently consistent within 
themselves in the respects indicated when allowances 
are made for the fact that thermocouple V8 was dead, 
and the performance of others was defective. The num 
ber of proper readings clearly shows the controllability 
of shock which is possible by adjusting the factors re 
ferred to in such manner as to increase the mechanical 
efficiency of the jet in proportion to the dwell time of 
the water on the hot surfaces. 

FIG. 6 shows the relationship of thermal shock (tem 
perature drop) to the rate oflinear travel ofthe jet over 
the wall surface. In this chart the abscissa indicates the 
rate oftravel of the lance tube into and out of the boiler, 
so that the linear velocity of jet travel on the wall was 
a function of radius (thermocouple position) as well as 
lance travel speed, but the sharp rate of decrease of 
temperature drop (AT) in proportion to the increase of 
linear jet travel rate is clearly reflected 

Tests 12, 13 and 21-28 inclusive (FIG. 3) were made 
with the variable speed apparatus above referred to, 
used in such manner that it was intended to maintain the 
rate of linear travel of the jet over the wall surface 
constant, by controlling the speed of the driving motor 
of the blower. However, due to a failure of an electrical 
component in the control system, it was not possible to 
hold the speed fully constant during these tests. The 
actual speed pattern of the jet was as shown by the top 
curve on FIG. 7. By reason of the fact that this speed 
did vary, in the manner shown in FIG. 7, it is clear that 
the results are less favorable than would have been 
obtainable if a flat horizontal (constant speed) curve 
could have been attained. Despite this countervailing 
factor it will be seen that the tests clearly and success 
fully demonstrate that by maintaining the linear speed at 
a relatively high value in the regions near the blower 
axis, as compared with the normal practice shown on 
the two lower curves, the shock was greatly reduced, 
and prevented from reaching the undesirable values 
reached previously. 

In practicing this invention the parameters are ad 
justed so as to apply the mechanical energy ofthe water 
to the fouled surfaces as efficiently as possible with 
minimized thermal shock. As indicated above, the jet of 
water, when applied as desribed, breaks up into droplets 
before striking the tubes. In the above tests, using No. 
40 nozzles and pressures in the range of 100-325 psig, 
the droplets continued in a jet of small diameter to the 
point of impact. The maximum diameter of the jet was 
relatively small compared to the diameter of the tubes 
and appeared to be about % inch. A substantial propor 
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tion of the water bounded off the tubes and membranes. 
The effects ofthe interrupted impacts resulting from the 
momentum of the individual droplets, and the periodic 
ity and impacts resulting from the successive manner in 
which the rapidly moving jets strike the tubes, all seem 
to tend to maximize the ratio of mechanical efficiency to 
the quantity of water which remains on the hot surfaces 
long enough to boil while in contact therewith. The 
efficiency in this regard is also aided, at least with some 
kinds of fouling materials, by controlling the angle of 
impact. as previously mentioned, so that the momentum 
of the water is used with a high ratio of mechanical 
efficiency to thermal shock, and in practice the jet is 
moved over the surfaces as rapidly as is possible while 
still achieving effective cleaning. I have found that it is 
not necessary to drop the speed to a speed low enough 
to cause harmful shock if these principles are followed. 

Utilizing this technique upon a heavily slagged sur 
face. it was found that the areas close to the center and 
all the way out to the maximum diameter could be 
thoroughly deslagged and descaled while keeping ther 
mal shock at a very low and safe level. 
The slag formations dealt within the tests reported 

herein were quite apparently removed principally by 
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mechanical force. Since the composition and viscosity “ 
of slag, and other conditions. may vary widely, it will be 
appreciated that if conditions not now known to me 
should exist which would make thermal shock an im 
portant factor in slag removal. the actual amount of 
thermal shock imposed on the slagged surfaces can be 
accurately controlled and kept within safe limits by the 
technique disclosed herein involving constantly main 
taining the speed of travel of the jet at a value high 
enough to prevent an undesirably high degree of shock 
while permitting any lesser degree of shock which 
might be desired. 

This Detailed Description of Preferred Form of the 
invention. and the accompanying drawings, have been 
furnished in compliance with the statutory requirement 
to set forth the best mode contemplated by the inventor 
of carrying out the invention. The prior portions con 
sisting of the "Abstract of the Disclosure" and the 
"Background of the Invention“ are furnished without 
prejudice to comply with administrative requirements 
of the Patent Office. 
What is claimed is: 
l. The method of utilizing a liquid jet to dislodge 

deposits from hot surfaces which comprises providing a 
rotating jet ofa relatively small diameter and projecting _ 
the jet at a high velocity of propagation which will 
possess sufficient mechanical energy to effect physical 
dislodgment of deposits. and directing the jet against 
[such a surface] said hot surfaces while and only while 
[moving] continuously varying the rate ofrotation ofthe _ 
jet in proportion to the distance of travel of said jet so as to 
move the jet over the surface at a speed of progression 
thereover which is sufficient to prevent chilling any 
part of the surface to an extent causing undesirable 
thermal shock. 

2. The method set forth in claim 1 wherein a mechani 
cally-operated soot-blower-type liquid projecting de 
vice has an angularly movable nozzle which is em 
ployed to project the liquid against hot surfaces which 
are spaced at variant distances from the nozzle. and the 
rate of angular movement of the nozzle is increased 
when the jet is directed against surfaces closer to the 
nozzle. and vice-versa. 
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3. A method according to claim 2 wherein said jet 

characteristics and the rate of linear displacement of the 
point of impingement of the jet with the surface are 
maintained substantially constant. 

4. Apparatus for deslagging water walls and the like 
comprising a water projector of the rotary retracting 
soot blower type, and continuously variable speed con 
trolling means for changing the rate of rotation thereof 
in proportion to the distance the soot blower extends into 
the boiler whereby the speed of progression of the ?uid 
along said water walls may be maintained relatively con 
stant. 

5. The method of dislodging deposits from surfaces 
located in a high temperature zone which comprises 
providing a rotatably movable nozzled liquid jet-form 
ing member for discharging a liquid which is vaporiz 
able at the temperature existing in the zone, projecting 
the liquid from such member against such surfaces from 
[variant] varying distances in the form of a substan 
tially uniform concentrated high velocity jet, all such 
distances being such that liquid strikes the surfaces in 
unvaporized form. and continuously varying the rate of 
movement of the jet in proportion to said varying dis 
tances while maintaining the jet characteristics at such 
substantially uniform concentrated high velocity form, 
in such manner as to compensate for differences in the 
[angularity] distances between the jet and the surfaces 
impinged thereby to maintain the rate of travel of the 
point of impingement of the jet against said surfaces at a 
value substantially higher than a rate which would wet 
the surface sufficiently to materially chill the same. 

6. The method of dislodging deposits from hot sur 
faces located in a high temperature atmosphere by 
means of a jet of a liquid which boils at a temperature 
lower than the temperatures of the atmosphere and of 
the surfaces, which comprises adjusting the diameter, 
velocity and duration of impact of the jet to values 
tending to minimize the amount of cooling effect in 
proportion to the effective mechanical force exerted 
upon the surface deposits and continuously varying the 
speed of movement of the device from which said jet is 
projected against said surfaces in proportion to the distance 
between said surfaces and said device whereby the speed of 
progression of said jet across said surfaces is maintained 
relatively constant. 

7. A method according to claim 6 which include 
directing the jet against the deposits at an angle tending 
to peel the same from the surfaces. 

8. A method according to claim 6 in which the dura 
tion of impact is controlled by moving the jet over the 
surface at a linear speed exceeding a predetermined 
minimumv 

9. A method according to claim 6 in which the liquid 
is projected against the surfaces in a discontinuous 
stream. 

10. A method according to claim 1 wherein the jet is 
moved over the surface at or somewhat below the maxi 
mum linear speed which is effective to achieve the 
desired cleaning. 

11. A method according to claim 6 for use against 
tubular surfaces and wherein the jet diameter is substan 
tially less than the tube diameter. 

12. A method according to claim 6 for use against 
tubular surfaces and wherein the jet diameter is substan 
tially less than the tube diameter and the velocity of 
propagation and duration and angle of impact are such 
as to cause a substantial proportion of the liquid to 
bounce off of such surfaces. 

1‘ it * * 1|! 


