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My invention relates to furnaces and has 
particular reference to the type of furnace 
adapted to be used under steam boilers, and 
in which one or more of the combustion 
chamber walls are lined either with water 
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screens, or radiant heat superheaters, or 
both. 
In modern installations of this character 

very large combustion chambers are provid 
ed, necessitating the placing of the boiler at 
a considerable height above the grate level 
or the bottom of the furnace, and this latter 
consideration necessitates the use of high 
furnace walls which are expensive to con 
struct. In structures of this type where the 
combustion rate is usually very high, the 
walls of the combustion chamber or furnace 
are frequently lined with screens formed of 
heat absorbing tubes and my invention con 
templates the arrangement of such tubes so 
that they will form a lateral 
furnacewalls and thereby permit the use of 
a wall construction which is not only much 
lighter and more inexpensive to construct 
than the usual form, but which may also be 
made in a readily removable form, so that 
easy access may be had to the tube struc 
tures for the purpose of repairs or replace 
ment. 
The tubes forming the screen lining the 

furnace walls are subjected to the intense 
direct radiant heat of the combustion cham 
ber and as a consequence, the heat transfer 
rate through these tubes is relatively high 
as compared with the rest of the boiler. 
They are also subjected, in many cases, to 
accumulations of slag, particularly in instal 
lations where the combustion rate is high 
and a considerable quantity of slag is car 
ried up with the combustion gases. This 
condition is more particularly pronounced 
in cases where pulverized fuel is employed 
as in such cases the slag particles, because of 
their minute character, are carried by the 
combustion gases in larger quantities than 
is the case with hand or stoker fired coal 
burning installations. My invention con 
templates a structure which will tend to 
eliminate or minimize the trouble due to 
slag accumulation, which will in the case of 
water screens improve the generating per 
formance thereof, and which will also pro 
vide other and further advantages which 

support for the 

will appear more fully in connection with 
the following detailed description of my in 
vention. 
As illustrative of my invention, I have shown in the accompanying drawings, a 

standard boiler of the cross drum, type, to the furnace of which has been applied both 
water screens and a radiant type superheater 
constructed in accordance with my inven tion. 
Figure 1 is a diagrammatic elevation of 

the boiler setting with a portion of the cas 
E. broken away to show the position of the 
tubes 

Figure 2 is a diagrammatic vertical sec 
tion taken along the lines 2-2 of Figure 1. 

Figure 3 is a section on an enlarged scale 
taken on the line 3-3 of Figure 2, and, 
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Figure 4 is a section on an enlarged scale taken on the line 4-4 of Figure 2, showing 
a modified form of wall construction. 

Referring to Figure 2, the numeral 10. 
indicates the drum of a conventional cross 
drum water tube boiler, connected in the 
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usual manner by suitable circulators 11, with 
the bank of generating tubes 12, and as the 
specific form of boiler to which my inven 
believed necessary to describe the boiler in 
any detail. The boiler is shown as mounted 
above the combustion chamber 13, which is 
of the type adapted for firing by means of a 
pulverized fuel E. shown at 14, although 
it is to be understood that the invention is 
not limited to use with this method of firing, 
but may be employed in connection with any 
of the known forms. In the embodiment 
shown, chosen for illustrative purposes only, 
the combustion chamber is rectangular in 
form and is provided with water screens 
forming a lining for the two side walls 
thereof, and with a radiant type superheater 
lining the rear wall. It will be obvious, 
however, that the invention is equally appli 
cable to combustion chambers having curvi 
linear as well as plane walls, and that the 
disposition of either the water screens or 
superheaters or both may be varied with ref 
erence to the wall surfaces as the require 
ments of the individual installation dictate. 
It will be further apparent that the inclusion 
of both water screens and superheater in the 
combustion chamber is not essential to the 
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exercise of the invention, which is concerned 
only with the specific form and disposition 
of the tube structure forming the water 
screen or superheater with reference to that 
portion of the wall structure which it lines. 
In the form shown, each of the water screens 
comprises a bottom or inlet header 15, placed 
at a slight angle with the horizontal in order 
to facilitate circulation there-through, and 
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suitable down flow-p 
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connected at its lower end by means of a 
ipe 16 to the drum of 

the boiler below the water level therein. 
A similar top or outlet header 17, which is. 
also slightly inclined to the horizontal, is 
connected by means of a suitable up-flow 
pipe 18 to the boiler drum 10, and the screen 
itself is formed by a plurality of parallel 
water tubes 19, suitably connected at their 
ends into the headers 15 and 17. As here 
tofore pointed out, the invention is con 
cerned entirely with the specific disposition 
of the screen and as the particular manner 
in which the screen is connected into the 
boiler is immaterial, in so far as the inven 
tion is concerned, the necessary water cir 
culation through the screen may be provided. 
by connection to some source other than that 
of the boiler, if desired, without departing 
from the scope of the invention. Headers 
15 and 17 are preferably placed outside the 'p 
boiler wall in order to remove the joints be 
tween the screen tubes and headers from ex 
posure to the high temperatures existing 
within the combustion chamber and to make 
them readily accessible, but this position of 
the headers is not essential. 
The superheater is constructed in much 

the same manner as are the water screens, 
comprising a bottom inlet header 20, and an 
upper outlet header 21, the two headers be 
ing connected by a plurality of parallel tubes 
22, forming the superheater. The inlet 
header 20 is connected with the steam space 
of the drum 10 by means of the steam pipes. 
23 and 24, and the superheated steam is de 
livered through the outlet 25 in the header 
21. As in the case of the water screen and 
for the same reasons, the headers 20 and 21 are preferably, but not necessarily, placed 
outside the boiler casing. 
In the exercise of my invention, the tubes 

forming either a water screen or Rhe er, instead of being placed vertically, are 
placed at an angle to the vertical and slope 
inwardly over the combustion chamber. In 
the form illustrated the projection of the 
tubes 19 as viewed in Fig.1 is vertical, but 
it will be readily apparent that these tubes 
might equally well be placed at an inclina 
tion to the vertical in this direction in addi 
tion to their inclination to the vertical plane 
of the furnace wall indicated in Fig. 2. 
Likewise the tubes 22 are shown as lying in 
the plane of the paper in Fig. 1, but this is 
also a matter of choice as these tubes may, 
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if desired, be inclined with respect to this 
plane. 
The desired inclination may be given to 

the tubes, while retaining the headers out 
side the furnace walls, in a number of differ 
ent ways, and I have shown two ways in 
which this may be accomplished. In Fig 
ure 1, I have shown the inclination accom 
plished by bending the tubes 22 outwardly 
at each end from an intermediate inclined 
section, so that the ends of the tubes may be 
joined to the headers outside the boiler in 
any desired manner, such for example as 
that described in my Patent No. 1,363,713, 
issued December 28, 1920. In Figure 2, 
the inclination of the tubes of the water 
screen is accomplished by placing the lower 
header with its cross section at such an angle 
that the upper face thereof is at an angle to 
the horizontal, and the screen tubes which 
enter this face normal thereto, with respect 
to the plane of the paper in Figure 2, are 
consequently positioned at an angle to the 
vertical. Header 15 is preferably placed 
outside of the lower, section 26 of the fur 
nace wall, and as will be noted from Fig 
ure 2, the inward inclination of the tubes 
will bring the upper ends of the straight 
portions thereof within the line of the up 
er boiler wall section 27. As previously 

noted, it is desirable to have the headers out 
side the boiler setting and in order to make 
this disposition of the header 17 possible, 
the upper ends of the tubes 19, are curved, 
as at 19, and enter the header 17 outside 
the furnace wall. It will be readily under 
stood, however, that various other forms of 
connections may be used to accomplish this 
result. 
The wall construction above and below the 

screen headers may be of any of the usual 
forms. The inclined screen tubes 19 or 22, 
however, make possible the use of a more ad 
vantageous form of wall over the area cov 
ered by the tubes, as the latter may be em 
ployed as a support against which the wall 
may be placed and held in position by grav 
ity. 
As indicated in Figure 1, this portion of 

the wall may comprise a number of refrac 
tory blocks or slabs 28 covered by an outer 
insulating covering 29 of any suitable ma 
terial. A suitable supporting member such 
as the angle 30 serves to support the lower 
most series of the sections which form this 
portion of the wall surface and which are 
supported laterally by the tubes 19 or 22. 
The upper sections of this portion of the 
wall surface also receive lateral support. 
from the tubes and may either rest directly 
upon the series of sections directly below 
or may rest upon additional transverse sup 
porting members, similar to the angles 30. 
While it is not essential that this section of 
the wall be built up in separate units, such 
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construction affords the advantage of ready 
removability for access, to the screen tubes 
in case repair or replacement of the latter is necessary. 
In Figure 4 I have shown a modified form 

of wall construction as applied to one of the 
screens, although it will be obvious that this 
construction may also be applied to a super 
heater. In this form the tubes have inter 
posed between them on the side away from 
the combustion chamber, a series of remov 
able plates 31, of the type which are de 
scribed in my copending application Se 
rial No. 752,374, filed November 26, 1924. 
This form of construction provides a con 
tinuous metallic wall against which a suit 
able refractory wall may be supported in 
the manner just described in connection with Figure 1. 
In the forms which have illustrated the 

inclination of the tubes is shown as compara 
tively slight, but the amount of inclination 
is to be determined in each case by specific 
boiler conditions where the application is 
made and it may be at a much greater angle 
than is indicated in the particular applica 
tion shown herein. In any case, however, 
the inclination of the screen offers a sup 
port for the outer part of the wall, whereby 
the latter may be more readily and cheaply 
installed than is the case where the wall 
must be self supporting, and this construc 
tion furthermore admits more readily of the 
furnace walls being made in removable 
units. This feature is of great practical importance as with this construction the 
side walls may be made at a very consider 
able reduction in cost and the small and 
readily removable units of the wall, which 
are merely laid against the inclined tubes, 
afford easy access for the purpose of repair 
or replacement of any of the tubes which 
may have been burnt or otherwise damaged. 
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The inclination of the side wall tubes, 
particularly in cases where a substantial in 
clination is employed, will result, in the 
cases where grates are used and an incan 
descent fuel bed is positioned at the bottom 
of the furnace, in a better rate of heat trans 
fer through the tubes than would be the case 
if they were vertical, as the radiant heat will 
strike the tubes in a line more nearly normal 
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to the surface thereof than would be the case 
with a vertical screen. . . . . . . 

A substantial inclination of the tubes will 
also minimize if not entirely eliminate, the 
usual slag accumulation on the tubes, as slag 
adhering to the upper portion of the tubes 
will, instead of tending to flow in a molten 
condition down the length of the tubes, tend 
to drop from the lower surface thereof, di 
rectly to the fuel bed, or to the floor of the 
combustion chamber. 
In addition to the advantages previously. 

mentioned, which apply both to water screens cal toward the combustion chamber, and an 
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and superheaters, a further and important 
advantage is derived from the use of my in 
vention as applied to water screens. The 
rate at which steam can carry heat away 
from tube walls is much less than that ob 
taining where the heated medium is water 
and the over-heating of the tubes, in the case 
of the superheater, is prevented by so locat 
ing or protecting the superheater that the 
amount of heat which the tubes can absorb 
is properly limited. On the other hand, 
screen tubes, being water filled and capable 
of absorbing heat at a much higher rate 
than steam filled tubes, are usually placed 
where the temperature conditions are ex 
tremely severe. As a result, large quanti 
ties of steam are produced in these screen 
tubes and the steam thus formed, displacing 
a portion of the water, which has a higher 
capacity for heat absorption and for which 
capacity the screen is designed, tends to 
cause the tubes to become overheated and in 
many instances burned. .. 
By inclining the screen tubes, the steam, 

rising vertieally as formed, will break away 
from the surface on the inner side of the 
tubes which is exposed directly to the com 
bustion chamber, and travel upward through 
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the outer portion of the tubes into the out 
let header. By this action, the insulating 
bubbles of steam are more rapidly removed 
from the surface exposed to the fire than is 
ordinarily the case, and the danger of burn 
ing the tubes is minimized. In addition, the 
evaporating capacity of the tubes is im 
proved because of the fact, that the inner 
surface of the tube is more nearly constantly 
in direct contact with water, which has, as 
previously noted, a greater heat absorbing 
capacity than steam. 
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OS. 
The action of the steam in leaving. the 

lower face of the screen tubes will also tend 
to prevent the formation of steam bubbles 
or pockets which occupy the full cross sec 
tion of the tubes, and which in moving up 
ward carry large slugs of water into the 
boiler drum. By minimizing this tendency 
to form steam pockets in the tubes and in 
stead, to discharge the steam in a more or 
less continuous column along the outer face 
of the tube, the discharge of large slugs of 
water from the screen into the drum is re 
duced, and the water level in the latter is 
thereby kept more nearly even than would 
be the case if a straight vertical screen were 
used. , 
I claim: . . 
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1. In combination a boiler, setting walls 
enclosing the boiler and extending there 
below to enclose a combustion chamber, there 
being an aperture in one of said walls, a 
screen arranged within said aperture, said 
screen comprising a plurality of heat absorb 
ing tubes rising at an inclination to the verti 
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outer wall of refractory material resting 
upon said tubes, maintaining contact there 
with by gravity, and closing said aperture. 

2. In a boiler and furnace setting, a wall 
comprising an upper section, a lower section 
spaced therefrom, and an intermediate por 
tion closing said space, said intermediate por: 
tion comprising a plurality of upwardly in 
clined heat absorbing tubes, and an outer re 
fractory wall portion resting upon said tubes 
and deriving its sole lateral support there 
from. 

3. A boiler and furnace setting comprising 
a wall having an upper section, a lower sec 
tion spaced therefrom, and an intermediale 
portion closing said space, said intermediate 
portion comprising a plurality of upwardly 
inclined heat absorbing tubes, top and bot 
tom headers to which said tubes are con 
nected, said headers being located outside the 
boiler setting, the exterior of said intermedi 
ate portion being formed of refractory ma 
terial resting upon and laterally supported 
by said inclined tubes. 
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4. In a boiler and furnace setting a lower 
wall section, a header lying adjacent to and 
outside said lower section, a plurality of 
heat absorbing tubes connected to said header 
and rising therefrom at an inward inclina 
tion from the vertical, an upper wall sec 
tion, a second header outside said upper sec 
tion, said tubes being curved outwardly at 
their upper ends to connect to said second 
header, and a refractory wall resting upon 
and laterally supported by said tubes inter 
mediate said headers. 

5. In a boiler and furnace setting a lower 
wall section, a header lying adjacent to and 
outside said lower section, a plurality of heat 
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absorbing tubes connected into the top of 
said header and rising therefrom at an in 
ward inclination from the vertical, an upper 
wall section, a second header outside said 
upper Section, said tubes being curved out 
wardly at their upper ends to connect into 
the side of said second header, and a refrac 
tory wall resting upon and laterally sup 
ported by said tubes intermediate said 
headers. 

6. In a boiler and furnace setting, a wall 
having spaced upper and lower sections, a 
pair of inclined headers outside said wall and 
adjacent said space, a plurality of heat ab 
sorbing tubes connecting said headers and 
bridging said space, said tubes being in 
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wardly inclined throughout the major por 
tion of their length, and a refractory wall 
closing said space and resting upon and 
laterally supported by said inclined tubes. 

7. In a boiler and furnace setting, a wall 
having spaced upper and lower sections, a 
water screen comprising a plurality of up 
wardly and inwardly inclined water tubes 
bridging said space, and a refractory wall 
resting upon and laterally supported by said 
inclined tubes, the portion of the wall sup 
ported by said tubes comprising a plurality 
of removable sections. 
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8. In a boiler and furnace setting, a wall . 
having an aperture therein located opposite 
the combustion chamber below the boiler, 
headers located adjacent the upper and lower 
boundaries of said aperture, a plurality of 
water tubes upwardly and inwardly inclined 
connecting said headers, and a refractory 
wall closing said aperture and resting upon 
and laterally supported on said tubes. 

BENJAMIN BROIDO. 
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