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STEAM. GENERATOR, UNIT 

Joseph E. Kennedy, New York, N. Y., assignor to 
Kennedy-Wan Saum Mfg. & Eng. Corporation, 
New York, N. Y., a corporation of Delaware 
Application March 3, 1945, Serial No. 580,740 

(Cl. 25'7—241) 2 Claims. 

My invention relates to improvements in steam 
generator units for large scale production of 
Steam; and Superheated steam. 

si Steam generator installations for large scale 
use, Such as those used in power plants and 
Similar installations, involve very substantial in 
vestments. Such installations are commonly 
constructed with two or more relatively large 
water drums mounted in the lower part of the 
Setting in addition to at least one steam and 
water drum at the upper part of the setting. 
Drums of this type not only involve the use of 
relatively large quantities of steel, but also add 
Considerably to the investment in the plant and 
the cost of erection. 

I have discovered that a large scale plant can 
be successfully built and operated without using 
Water drums in the lower part of the generator 
Setting and at the same time maintain a high 
efficiency for the installation. 
The si primary object, therefore, of my inven 

tion, is to provide improved steam generator unit, 
which includes but a single steam and water 
drum, which is mounted in the upper part of 
the setting. 
A further object of my invention is to provide 

an improved Steam generator unit for the produc 
tion of steam and superheated steam on a large 
Scale and which is relatively economical to build 
and in which the high efficiency of such units 
is maintained. 
Another object of my invention is to provide 

an improved Steam generator unit having a single 
combustion chamber which can be fired with 
powdered Solid fuels or liquid fuels and in which 
improved means are provided in combination 
With a single drum for absorbing the radiant 
heat produced. 
An important feature of my present invention 

is the provision of a steam generator unit having 
a single firing furnace chamber, the walls of 
which are comprised of steam generating tubes 
closely mounted together, a single drum for the 
generator unit mounted in the upper portion 
of the combustion chamber, and steam generat 
ing tubes mounted along the chamber walls in 
Spaced relation to the wall tubes and to each 
other, whereby a considerable proportion of the 
heat developed in the combustion chamber is 
absorbed by the spaced tubes without appreciably 
reducing the heat absorption capacity of the wall 
tubes. 
Another feature of my invention includes the 

provision in a steam generator unit as de 
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tubes, and in which means is provided for passing 
hot furnace gases from the furnace combustion 
chamber upwardly through the bank of super 
heater tubes. The bank of superheater tubes 
is preferably separated from the furnace com 
bustion chamber proper by a tube wall in which 
the tubes are closely mounted preferably in ver 
tical arrangement So that the tube Wall separates 
the Superheater bank from the main combustion 
chamber, except that the lower portion of certain 
of the tubes of the tube Wall are bent in an offset 
manner so as to provide passageways for the 
furnace gases from the combustion chamber side 
of the wall to the Superheater side of the wall. 
A further feature of my invention is to provide 

a steam generator setting which includes a read 
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ily removable economizer tube bank mounted 
adjacent one of the side walls of the setting and 
in which a platform is provided on the outside 
of the side Wall. So that the economizer tube bank 
may be removed from the setting for cleaning 
and repairing. 
Another feature of my invention is to provide 

a steam generator unit which is of relatively 
simple construction and in which a combustion 
chamber and various heating compartments are 
provided and heated without the use of the usual 
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baffies. Other objects, features and advantages of my 
invention will be apparent to those skilled in the 
art from the following more detailed description 
thereof, taken in connection with the accom 
panying drawings constituting a part of this 
application. 
In the drawings: 
Fig. 1 is a vertical Sectional view of a steam 

generator unit constructed in accordance with 
the features of my invention, with parts broken 
away to simplify the illustration. 

Fig. 2 is a horizontal cross-sectional view of 
the improved steam generator unit taken on the 
line 2-2 of Fig. 1. 

Fig. 3 is a broken horizontal sectional view 
taken on the line 3-3 of Fig. 1. 

FigS. 4 and 5 are views of a modified form of 
construction of steam generator unit having the 
general features of construction shown in Figs. 
1 to 3, in which Fig. 5 is a broken vertical sectional 
view and Fig. 4 is a horizontal sectional view 
taken on the line 4-4 of Fig. 5. 

Referring to Figs. 1 to 3 of the drawings, the 
improved steam generator of the present inven 
tion is constructed on a foundation or setting 
0. The unit is of substantially rectangular 

scribed above of a bank of steam Superheating ss cross-section and provided with brick and insula 
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tion side walls 2 of usual construction which 
may be supported in the usual manner by a steel 
framework and backing plate construction, not 
shown, The unit also includes a roof 4 Com 
prising insulation which also covers a steam and 
Water drum 6 mounted in the upper portion 
of the unit. The generator unit of the present 
invention comprises a furnace or combustion 
chamber 7 of generally rectangular cross-Sec 
tion, arranged for down-draft firing, and Which 
occupies the greater portion of the croSS-Section 
of the unit. The height of the chamber is rela 
tively great compared to its width, and it is fired, 
preferably with pulverized solid fuels, from burn 
erS 8 distributed over the roof Section of the unit 
covering the combustion chamber. The bottom 
of the combustion chamber 7 includes converg 
ing downwardly sloping walls 20 which terminate 
in an ash pit 22 from which ashes are removed 
by Suitable means, not shown. 
The inside of the generator unit is substantially 

completely lined with steam generating tubes 
closely ni lounted together to form Substantially 
continuous walls. For example, each of the side 
Walls is provided with closely set steam generating 
tubes 24 which terminate in a lower header 26 
and an upper header 28. Steain formed in the 
tubes 24 collects in the upper header and is con 
ducted into the Steam and Water drum 6 by 
means of tubes 3 which are distributed along 
the opposite headers 28. The left end Wall of the 
unit includes an upper header 32 and a lower 
header 34, betweein which are mounted closely 
spaced vertical wall tubes 36. The header 32 is 
connected into the Steam and Water druin 6 
by spaced tubes 38 which are distributed across 
the roof of the unit. The burners 8 are of flat 
construction so that they extend between the roof 
tubes 38. 
The opposite end of the Steain generating unit 

proper comprises a tube wall 43 of vertical closely 
mounted steam generating tubes Which telminate 
at their lower ends in a header 42 and at their 
upper ends in the steam and water drum 6. 
The upper portion of the tube wall 40 is con 
structed for the passage of combustion gases by 
bending in alternate tubes of the wall 40, as in 
dicated at 44. It Will be apparent that When 
every other tube of the wall is bent in, in the 
manner shown, that combustion gases can paSS 
between the tubes. Alternate tubes of the wall 49 
are also bent in, as indicated at 46, at the bottom 
of the furnace, to permit ash to fall into a pit 48 
which is provided with an inclined duct 59 so that 
the ash collected therein may flow into the pit 22. 
The tubes of the Wall: ) are otherwise. So close 
together as to prevent paSSage of all but traces 
of combustion gases. 
The vertical combustion chamber 7 of the 

generator unit is defined by the side tube walls 
formed by the tubes 24, the end tube wall formed 
by the closely mounted tubes 36, and by a tube 
Wall 52 conprising closely mounted steam 
generating tubes adapted to Substantially pre 
vent the passage of furnace gases, the upper 
ends of which are connected into the Water and 
Stean - drun 6 while the lower ends are con 
nected into the header 62 as indicated. Approxi 
mately the lower half of the wall 52 is provided 
with passageways so that combustion gases can 
flow from the combustion chamber i into con 
tact with the wall 3. These passageways are 
formed by bending tubes 5i of the Wall 52 so that 
the lower section of the Wail includes passage 
Ways for the passage of gases, such passageways 
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being clearly indicated in Fig. 2 of the drawings. 
The burner's 8 distributed over the roof of the 

combustion chamber it produce an enormous 
quantity of retained heat, and it has been found 
that the efficiency of a combustion chamber Cf 
the type described can be greatly increased by 
providing additional steam generating tubes in 
front of the tube walls on all four sides of the 
combustion chamber. The side walls, for ex 
ample, includes a row of tubes 55 which is Sub 
stantially spaced from the tube wall and in which 
the tubes are substantially Spaced from each 
other. These tubes may be from one to three 
tube diameters from the tube Wall and are pref 
erably two or three diameters apart. The end 
of the tubes 56 are bent and connected into 
the respective headers 26 and 23, as indicated. A 
similar row of tubes 58 is also mounted opposite 
the Wall tubes 36 in approximately the relation 
ship described for the wall comprising the tubes 
56. The tubes 58 are headed into the headers 32 
and 34, as indicated. A similarly arranged row...of 
tubes is also provided in front of the tube Wall 
52 and comprises spaced tubes 68 which are 
headed into the water and steam drum 6 and the 
header 42, as indicated. The spacing of the tubes 
6G from the wall 52 and from each other is ap 
proximately the same as indicated above for the 
tubes 56. 
The rows of spaced tubes 56, 58 and 60 are Sub 

jected to direct radiation since they connpletely 
surround the combustion chamber, but they are 
spaced from each other to a sufficient extent to 
not interfere with the eficiency of the closely 
mounted wall tubes. It has been found, for ex 
ample, that the temperatures back of the roWS 
of spaced tubes may still be as high as 1350 F. 
and that the wall tubes Will receive adequate 
radiation. The rows of Spaced tubes therefore 
greatly increase the efficiency of the unit as well 
as its capacity in relation to its size. The tubes 
24 and 56 may be 35 feet long or longer, which 
gives an idea of the size of the generator unit 
and the height of the combustion chamber. 
A part of the ash from the burning of pull 

verized solid fuels in the burners 8 -collectS in 
the pit 22 at the bottom of the combustion 
chamber while the combustion gases paSS 
through the lower portion of the tube Wall 52 into 
a narrow vertical chamber 64 between the tube 
walls 40 and 52 in which is mounted a steam 
Superheater comprising looped tubes 66. The 
superheater preferably extends entirely acroSS 
the unit as indicated in Fig. 3 and comprises a 
plurality of the looped tubes 66, the inlet ends 
of which are connected into a header 68 while 
the outlet ends are connected into a header 70. 
Steam is supplied to the header 68 from the 
water and steam drum - 6 through one or more 
steam lines T 2. Superheated stean may be dis 
tributed from the header 70 to any desired power 
or heating unit. The connbustion gases from 
the chamber 64 after heating the superheater 
pass through the upper portion of the wall 45 
and downwardly in contact With an economizer 
tube bank comprising a plurality of coiled or 
looped tubes 4 arranged across the unit and 
connected into a water inlet header 6 and a 
water outlet header 8, from which water may 
be supplied to the steam generator unit by con 
nections and means, not shown. 
The combustion gases leaving the economizer 

unit pass through a grating 80 which supports 
the economizer tube bank above cross-beams 82 
Which are Welded or otherwise Secured into the 
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steel structure of the steam generator unit. The 
hot combustion gases then pass through the 
tubes of an air heater 84 and into a fue duct 
86 which leads to an exhaust fan or stack, not 
ShoWn. Air to be preheated is introduced from 
a duct 88 and forced by a blower 90 up around 
the tubes of the air heater 84 from which the 
air is conducted through an insulated duct 92. 
into hot air ducts 94 for the burners 8. 
Any fine ash which may have been carried 

by the combustion gases from the combustion 
chamber over into contact with the economizer 
tubes T4 is dropped out in a trap 96. It will 
be noted that the steam Superheater bank is 
Spaced somewhat from the tube wall 40 So that 
a paSSage is provided through which a portion 
of the hot combustion gases can pass along the 
tube wall 40 without flowing entirely in contact 
With the tubes 66 of the superheater. This pas 
Sage is used in connection with three vertically 
Spaced damperS 98 for regulating the temper 
ature to which the steam is Superheated. It 
Will be apparent that if all the dampers 98 are 
open or vertical, a substantial part of the com 
bustion gases will bypass a Substantial part of 
the Superheater and flow directly along the tube 
Wall 40; whereas if the dampers are in the posi 
tion shown, all of the combustion gases will be 
forced to contact tubes 66 throughout their com 
plete length. One or more of the dampers may 
be operated to obtain the desired temperature 
for the superheated steam. 
One of the common difficulties with Steam 

generating units is the inaccessibility of the 
economizer tube bank from the standpoint of 
making repairs and tube replacements. 
present instance, a construction has been pro 
Vided to facilitate the removal of the econonizer 
tube bank from the setting for the purpose of 
making repairs and replacing tubes. According 
ly, the wall 2 adjacent the economizer is pro 
Wided with one or more removable panels 00 So 
that the economizer is exposed from the side 
of the unit. However, in order to facilitate re 
pairs, the chamber in which the economizer is 
mounted is provided with a hinged door f02 
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which may be swung to the dotted line position 
so that the combustion gases no longer contact 
the economizer tube bank but pass directly down 
OutSides the Wall 40 into the tubes of the air 
heater 84. A similar door 104 is provided at 
the top of the air heater to close off the passage 
between the grating 80 and the air heater by 
swinging the door 04 to the dotted line position. 
With the doors 02 and 04 set in the dotted 
line positions, the panel or panels CO may be 
removed, the headers 76 and 78 disconnected 
from the inlet and outlet lines, and the econ 
omizer shifted outside the unit to a platform 
06. which is a steel structure, including the 

beans 82, of Sufficient strength to accommodate 
the economizer during any tube replacement or 
repairs. 
The steam generator unit of the present inven 

tion is provided with but a single drum, that is, 
the Steam and Water drum 6 at the top of the 
combustion chamber. Since. Steam is generated 
in the wall tubes in all of the vertical or in 
clined tubes in the unit, the circulation is neces 
Sarily upward into the steam drum f6, the 
headers 28 and the header 32. The Steam and 
water flows from the headers 28 and 32 into the 
Steam drum 6. The circulation of water back 
to the lower headers 26, 34 and 42 from the 
steam and water drum 6 is effected by means 
of down-comer pipes 108 (Fig. 2) from the op 
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6 
posite ends of the water and steam drum 6 
to the ends of the headers 26, 34 and 42, as in 
dicated. The lines fo8 are shown as being con 
nected only into one end of the headers 26 but 
both ends of each of these headers may be cons 
nected into the respective lines 68, if desired. 

Figs. 4 and 5 are similar, respectively, to FigS. 
2 and 1, except that they show a modified form 
of unit or a modification of the upper portion 
of the unit Shown in FigS. and 2 for the pur 
pose of admitting tertiary air to the three outer 
sides of the combustion chamber. 

Referring more particularly to the modified 
showing in Fig. 5, the View corresponds to a por 
tion of the upper left hand corner of the furnace 
shown in Fig. 1. In Fig. 5 a tube Wall O con 
prised of closely mounted tubes along the outside 
wall 2 is modified so that alternate tubes, or 
at least Some of the tubes, of the wall are 
bent in slightly at fi í 4 so that the tubes of the 
wall 0 will be spaced from each other over 
approximately the upper one third of the furnace 
so that air may be admitted to the upper portion 
of the combustion chamber from the end and side 
walls of the furnace. The tubes of the wall O 
terminate at the top in a header - || 6 which cor 
responds to the header 32. The upper portion 
of the side walls of the furnace are modified in 
a similar way by bending in alternate tubes of 
the side tube Walls 8, the upper ends of the 
tubes terminating in opposite upper headers 20, 
corresponding to the headers 28. Air to be sup 
plied to the upper section of the combustion 
chamber may be a portion of the hot air from 
the duct 92 which is delivered to a horizontal 
duct 22. Riser ducts 24 distribute air from 
duct 22 through branching ducts 26, each of 
which is provided with a damper 28. These 
dampers may be operated by a hand lever or 
other connecting leverage means, as indicated. 
The ducts 26 deliver air into vertically spaced 
horizontal channels f30, 32 and 34, respec 
tively, which open against the tube wall O along 
the Section where the alternate tubes are bent 

Air therefore may be delivered 
into any one of the channels f 30, 32 or 34, or 
all of them, to aid in burning the pulverized solid 
fuel introduced through burners the same as 
burners 8 shown in Fig. 1. 
The modified form of furnace of Fig. 5 is pro 

Vided With a row of steam generator tubes 36 
Which is spaced from the tube wall fle and in 
which the tubes are spaced from each other in 
Substantially the manner described above in con 
nection with the rows of spaced tubes mounted 
opposite the tube walls of the combustion cham 
ber 7. Tubes 36 terminate in the header 6. 
A similar row of tubes 38 are provided opposite 
each of the tube walls 8 and these tubes ter 
minate in the upper headers 20. The tubes 36 
and 38 are of great advantage when air is ad 
mitted through the side walls, since they absorb 
the increased heat. 

Fig. 4 shows the arrangement of means for 
Supplying tertiary air from the three sides of the 
combustion chamber which have outside walls, 
the arrangement along each wall being the same 
as that shown in Fig. 5. The use of tertiary 
air in the upper portion of the furnace in the 
manner shown in FigS. 4 and 5 has been found 
to be very effective, particularly in the burning 
of pulverized anthracite coal, the primary air 
being Supplied along with the pulverized coal, 
the secondary air being conducted from the ducts 

75 94 alongside the flat burners 8, and deflected 
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into the burning fuel immediately below the tips 
of the burners, while the tertiary air is intro 
duced into the upper portion of the furnace 
through the tube walls, as shown in FigS. 4. and 
5. The daim pers 28 may be used to restrict the 
introduction of air to any of the three levels 
represented by the horizontal distribution pas 
sages f:30, 32 and í 3. 
The improved steam generator unit of my in 

vention is adaptable for construction in various 
sizes while still maintaining a very high efficiency. 
From the foregoing description it will be ap 

parent that various modifications in the details 
of -Constituction and arrangement may be made 
Without departing from the spirit and scope of 
the invention, as defined by the appended claims. 
What is claimed as new is: 
1. In an economizer construction, walls includ 

ing an outside wall defining an economizer cham 
ber through which heating gases are adapted to 
pass, an economizer tube bank mounted in said 
chamber and arranged to be heated by the heat 
ing gases passing therethrough, a bypass chamber 
for heating gases parallel to the economizer 
chamber and Separated therefrom by one of said 
Walls, a SWinging door associated with the wall 
separating said chambers at both the inlet and 
outlet ends of the economizer chamber and 
adapted to close off either of said chambers to 
the passage of heating gases, and a platform on 3 
the outside of and alongside said outside wall 
adjacent to the position of the economizer tube 
bank and extending laterally from said wall at 
a position directly below the economizer tube 
bank, a section of said outside wall above said 
platform and along the position of the economizer 
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tube bank being readily removable So that access 
may be had to the economizer tube bank, the 
arrangement being Such that said doors may close 
off the economizer chamber so that the econo 
nizer tube bank may be removed from the econor 
mizer chamber onto the platform for cleaning 
and repairs while continuing the passage of said 
heating gases through Said bypass chamber. 

2. An economizer construction as defined by 
claim 1 characterized in that the platform in 
cludes supporting structural members extending 
through said outside Wall and under the econo 
mizer tube bank as a supporting means therefor 
in the economizer chamber. 

JOSEPH E. KENNEDY. 
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