
July 22, 1947. L. J. MARSHALL 2,424,476 
RADIANT STEAM GENERATOR 

Filed Dec. 27, 1943 

Ugs 

21 m 

l | 

AY. 

S5 

N 

NSN N Ns N INVENTOR. 

Zeonarw M //avtsa/Z 

A Swse 
77Ofway 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  



Patented July 22, 1947 2,424,476 

UNITED STATES PATENT office 
2,424,476 

RADANT STEAM GENERATOR, 

Leonard J. Marshall, Tenafly, N.J., assignor to 
Combustion Engineering Company, Inc., New 
York, N.Y. 

Application December 27, 1943, Serial No. 515,13 
(C. 122-478) 2 Claims. 

1. 
This invention relates to steam generators and 

particularly to those equipped with Superheaters. 
The trend in steam generating units toward 

higher steam pressures and temperatures and 
high capacities has introduced new experiences 
into operation that indicate the necessity of es 
Sential changes in the apparatus and in the Op 
eration of the units. With the trend toward 
higher superheated steam temperatures, the com 
bustion rates within the furnaces Were increased 
in order to obtain hotter gases passing over the 
convection superheaters, and these Were placed 
closer to the furnace. The higher combustion 
rates and higher furnace exit temperatures in 
turn produced more slag deposits on the Super 
heater tubes thereby requiring greater cleaning 
efforts in order to keep the gas lanes betWeen 
the tubes open and also added to the difficulties 
of controlling superheat temperatures. The high 
er combustion rates within the furnace and the 
higher steam pressures combined to reduce the 
allowable margin in temperature rise for the 
furnace water wall tubes before deterioration by 
overheating would occur. The higher combus 
tion rates increased the rates of radiant heat 
input to the furnace wall tubes and the higher 
steam pressures contributed in increasing the 
tube temperatures because of the higher evap 
orating temperatures of the water and by the 
slower water circulation through the tube circuits 
due to greater densities of the steam and lesser 
densities of the Water. 
Although the furnaces become Smaller with 

the increased combustion rates, the higher ten 
perature of the gases leaving the furnace re 
quire an increased amount of boiler convection 
surface for absorbing the added heat. Correlated 
with the convection surface and the Superheater 
surface are by-passes for conveying a portion of 
the gases around the superheater with by-pa-SS 
dampers for controlling the gas flow, thereby reg 
ulating the temperature of the Superheated Steam. 
These by-passes are of substantial size to ac 
commodate the quantity of by-pa-SSed gases re 
quired for adequate superheat control and it has 
been found that in some cases the range of Con 
trol is not sufficient to meet the requirements of 
the users. As was to be anticipated, the draft 
loss through enlarged convection surfaces of the 
unit rose, causing an increase in the power re 
quired for overcoming this loSS. 

It is an object of this invention to provide an 
improved steam generating unit that Will over 
come the above described difficulties. 
In the drawings Figures i and 2 are diagram 
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matic sectional elevations of steam generating 
units embodying the invention. 

Figure 3 is an enlarged sectional elevation. 
through the furnace wall to show the mounting 
Of the burnerS. 
The invention contemplates a radiation boiler 

in which the furnace is of Such size in relation 
to the combustion rates and to the amount of 
heat absorbing tube surface in the form of steam 
generating tubes on the furnace Walls that the 
heat absorption by said tubes suffices to evaporate 
all of the steam to be produced by the generator 
and yet not result in an excessive rate of heat 
absorption in any of such surface that would re 
sult in overheating the tubes. Further, the com 
bustion within the furnace is principally confined 
to a “hot Zone' which is controlled as to its lo 
cation and extent, the Zone being shifted up 
Wardly and downwardly within the furnace in 
a manner that Waries the amount of heat ab 
sorption by the Whole boiler Surface and there 
With varies the temperature of the gases leav 
ing the furnace. This temperature control of 
gases leaving the furnace has the dual purpose 
of maintaining the gases at a slag-free tem 
perature when entering the superheater convec 
tion surface and of controlling the Superheat 
temperature by varying the gas temperature. Due 
to the combination of the control of the location 
of the hot, Zone of combustion and to the rela 
tively low combustion rates, the invention fur 
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ther contemplates supplementing the convection 
superheater by the use of radiant Superheater 
tubing on the furnace Walls located safely be 
yond injurious effects of the hot Zone, thereby 
limiting the rate of heat radiation to any of the 
superheater tube surface and avoiding overheat 
ing said Surface. 
Furnace O of rectangular cross section is pro 

vided with fuel burners 2 preferably located at 
the corners Within the bottom half of the fur 
nace. On the front Wall 3 of the furnace the 
lower portion adjacent the burners is provided 
with steam generating tubes f4 extending down 
Wardly from a header f4d to the ash pit 5 and 
forming a portion of the sloping bottom. In Fig. 
1 the upper portion of the front Wall is provided 
with Superheater tubes 6 located intermediate 
the upper parts Ab of the Wall tubes and Which 
extend from a header 7 downwardly through 
offtake 8 thence under the furnace roof f 9 to 
front Wall 3 and downWardly to enter a header 2. 
The rear furnace Wall 22 is faced With steam 

generating tubes 23 extending downwardly from 
steam and water drum 24 for the entire length 



3 
of the wall from drum 24 through the offtake 8 
to the ash pit 5. On the upper half of rear Wall 
22 the tubes 23 are bent to form a ledge-like 
baffle 25 projecting into the furnace for shield 
ing the offtake 8 and convection Superheaters 
26 and 29 from the radiant heat of the furnace. 
Bafile 25 lies wholly within the limits of furnace 
O. The slide Walls 27 are provided with steam 

generating tubes that extend from ash pit 5 to 
the furnace roof 9 and into a header 27b, and 
a portion of them continue upWardly on the Side: 
walls of the offtake 8 into a header 27c. 

Located in the top of the furnace and above 
baffle 25 is a Superheater section 26 Which is 
connected to outlet header 3 for the radiant Su 
perheater and to steam outlet header 28. IO 
cated in the offtake 8 is another convection Su 
perheater section 29 which is ahead of radiant 
superheater 6 in the direction of steam flow, its 
tubes being connected to inlet header 30 and 
intermediate header , which is the inlet header 
for radiant Superheater 6, the former header 
being connected to the steam and Water drum 
24. Note that the convection Superheater section 
29 is enclosed by extensions 23A, 27A of the water 
wall surfaces of the rear and side furnace Walls 
and by superheater tubes 6: from the front Wall 
3. This construction does away with structures 
such as heretofore used employing heavy brick or 
sectionally supported walls at the sides of the 
superheater bank, which constructions were ob 
jectionable because they were costly, were subject 
to cracking and consequent leakage and required 
substantial insulation to prevent heat loSS. from 
the high temperatures within. 

In some instances it may be desirable to pro 
vide a radiant superheater having three Sections, 
as shown in Fig. 1, in place of One, the first Sec 
tion 6 being located on front wall 3 and the 
other two sections respectively on the two Side 
walls, 
through convection superheater section 29 to in 
termediate header 7, thence through Superheater 
section 6 down the front wall of offtake 8, along. 
roof 9 and down the front Wall 3 to a header 
2. From header 2 the steam passes to the 
two side wall headers 32 at the botton of the 
two side wall superheater sections 16S. From 
headers 32 steam flows upwardly through the 
side Wall sections 6S to headers 33 that discharge 
into a common header 3f. 
steam flows through convection superheater Sec 
tion 26 and up to outlet header 28. 
The above described arrangement of radiant 

and convection superheaters in combination pro 
duce a superheat temperature that does not vary 
much from the normal. 
The burners are of the type shown in a co 

pending application of Kreisinger et al., Serial 
No. 420,356, filed November 25, 1941, and issued 
as U. S. Patent No. 2,363,875, dated November 28, 
1944. At each corner of the furnace there are: 
several superimposed burner nozzles 34, one of 
which is shown in Fig. 3; each burner is ca 
pable of vertical adjustment to direct the fuel. 
stream issuing therefrom upwardly. Or doWn 
wardly into the furnace; a further horizontal 
adjustment enables the fuel streams to be directed 
at various angles in a horizontal plane so that 
in general the fuel streams are projected tan. 
gentially to an imaginary vertical cylindrical sur 
face located preferably at the Center of the fur 
nace. This tangential direction of the fuel 
streams causes a turbulent combustion. Within 
a limited Zone about the location where.they in 

Steam flows from drum 24 to header 30 

From header 3 the 
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4. 
pinge upon one another. When the fuel streams 
are pointed downwardly toward the lower por 
tion of the furnace, the ZOne C of intense com 
bustion is moved toward the bottom of the fur 
nace and Causes the maximum annount of heat 
to be absorbed by radiation by the bottom parts 
of steam generating tubes adjoining the ZOne. 
Whea the fuel streams, are directed horizontally, 
the ZOne of combustion A is adjacent the burners 
and the maximum rate of heat absorption is by 
the tube portions adjacent the burners. When 
the fuel streams are directed upwardly the zone 
of combustion B at the upper part of the fur 
nace. Wii OWe, to a location above the burners 
and the highest cate of heat absorption is by 
the tube portions above the burners. It will be 
Seen that... as the ZOne Of Combustion is Shifted 
upWardly the lower parts of the furnace walls re 
ceive less heat and the upper portions receive 
more With the result that the temperature of 
gases, leaving the furnace is higher. As the ZOne 
of combustion is shifted further upwardly the 
radiant portion f6, f,6S of the superheater sur 
face is eXposed not Only to hotter gases but also 
to. a. more direct radiation from the ZOne of Com 
bustion and the convection. Sections of the Su 
perheater receive hotter gases. In this manner 
a wide range in control of Superheat may be 
obtained. 
A further advantage is, that as the hot. Zone 

Of combustion is moved down Wardly with in 
Creased loads to...increase the amount of heat ab 
SOrbed by the furnace Water Walls to make more 
Steam, the relative amount of heat absorbed by 
the radiant superheater tubes also decreases to 
control the Superheat. In this manner the radi 
ant superheater is protected from overheating at 
the higher ratings. 
A relatively small by-pass 40 and damper 4 

may be provided around superheater 29, which 
Will permit a further refinement in Superheat, 
Control. 

Because of the relatively large furnace in which 
combustion, rates have been deliberately kept low, 
the radiant. heat absorption of the steam gen 
erating tubes, even at the hottest Zone of com 
bustion is kept relatively low and therefore does 
not tend to overheat the tubes. Because of the 
relatively large-furnace the steam generating sur 
face. Within the furnace has been made large S0. 
that it suffices to evaporate all of the steam to be 
produced by the generator and no further convec 
tion Surface for Steam generation is necessary. 
Because of the relatively large furnace and the 
amount of boiler Surface, the temperatures of 
gases leaving the furnace, are relatively low and 
the usual Screen for shielding the convection 
Superheater becomes unnecessary. The omission 
of Sich a Screen has the advantage of eliminat 
ing the obstruction that it offers to the slag par 
ticles...flowing down the baffle 25 to drop thence 
into the furnace. The low temperatures of gases 
leaving the furnace permit the use of a close Spac-. 
ing of the convection Superheater tubes. Since the 
former slagging difficulties have been minimized. 

Because the combination of a radiant Super-. 
heater and COInVection Superheater produces a 
relatively uniform superheat temperature OVer a 
considerable load. Variation, this characteristic. 
Combined. With the ability of further controlling 
the superheat temperature: by burner manipular 
tion, asis the case in the improved generator, re 
sults in a wider Iarage of Superheat control. 
In Fig. 2 the upper portion of the front Wall is 

provided with Superheater tubes 6 which extend 
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from header T downwardly through furiacé off 
take 18 thence under the furnace roof 9, in 
spaced relation, to front wall 3 and downwardly 
along its face to return bends 20. From bends 
20, these tubes run upwardly intermediate the 
downwardly directed parts along the front Wall 
3 and roof 9 but before reaching the furnace 
offtake 8 rise through the roof 9 to enter header 
3ta. Risers f4c from header 4d and wall tubes 
E4, pass upwardly within the wall 3 and roof 9 
where they lie adjacent the superheater tubes G. 
After leaving roof 9 risers 4c pass up through 
offtake 8 along its front wall and into the steam 
and water drum 24. Although the side wall tubes 
adjacent the superheaters are not shown in full, 
they continue upwardly to form the inner face of 
the furnace offtake 8. Their partial omission in 
the drawing is to avoid conflict with the showing 
of the superheaters. 
What I claim is: 
1. In a steam boiler, means forming a vertical 

furnace chamber having a substantially horizon 
tall gas outlet passage leading to a Vertical boiler 
offtake within the horizontal limits of the cham 
ber at the upper part thereof; steam generating 
means consisting of heat absorbing Water circu 
lating tubes mounted on all of the furnace walls 
extending continuously from the botton to the 
roof of the furnace certain. Ones of which con 
tinue beyond the furnace to face some of the 
Walls of the outlet passage; means for burning 
fuel in said furnace; a convection superheater for 
heating the steam leaving the boiler disposed 
Wholly within said outlet and thereby shielded 
from direct exposure to the radiant heat of the 
burning fuel in said furnace; the amount of steam 
generation surface comprising wall tubes in the 
furnace and outlet paSSage being sufficient to 
evaporate all of the steam required from the 
boiler. - 

2. In a steam boiler; means forming a vertical 
furnace chamber having a substantially horizon 
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6 
tal gas outlet passage leading to a vertical boiler 
Offtake within the horizontal limits of the cham 
ber at the upper part thereof; steam generating 
means consisting of heat absorbing Water circulat 
ing tubes mounted on all of the furnace Walls ex 
tending continuously from the bottom to the roof 
of the furnace certain. Ones of Which continue be 
yond the furnace to face some of the Walls of the 
outlet passage; means for burning fuel in Said fur 
nace; a convection superheater, for heating the 
steam leaving the boiler disposed wholly within 
Said outlet and thereby shielded from direct ex 
posure to the radiant heat of the burning fuel in 
Said furnace; the amount of steam generation 
Surface comprising Wall tubes in the furnace and 
Outlet passage being sufficient to evaporate all of 
the steam required from the boiler, while the re 
lated heat released by the fuel within the fur 
nace is below that at which the temperature of 
the gases entering the outlet will cause slagging 
of the ash to occur on the superheater tubes with 
Out the interposition of any water cooled screen. 

LEONARD J. MARSHALL. 
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