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STEAM GENERATOR, 

Ervin G. Bailey, Easton, Pa., assignor to The 
Babcock & Wilcox Company, Newark, N. J., a 
corporation of New Jersey 

Application Earch 13, 1940, Seria No. 323,70 
(C. 22-4) 13 Cairns. 

This invention relates to steam boilers of the 
high pressure high superheat type and more 
particularly to those involving a steaming econ 
Onizer or two stages of evaporation. 

In Order to attain a high overall thermal ef 
ficiency in steam boilers it is necessary to cperate 
at high Steam pressures and also at high steam 
temperatures. High steam temperatures are at 
tained by the use of superheaters which raise 
the Steam temperature from saturated to the de 
Sired final or Superheat temperature. 
The Superheating may be accomplished by the 

use of the radiant type superheater or the con 
vection type, or both in combination, but in 
each instance it is necessary to subject the super 
heater to gases of high temperatures. With the 
Convection type of superheater it is, of course, 
practical to control the heat input by the regu 
lation of gas quantities or gas temperature, while 
radiant absorption is subject to variation pri 
marily by change in gas temperature. The con 
Vection Superheater is more flexible in its use 
and therefore used more extensively, but its use 
With a bypass for regulating the gas flow there 
Over introduces complications and difficulties with 
respect to the construction and operation of other 
components of the complete boiler unit, and it 
is the object of this invention to overcome such 
difficulties. 
With a bypass Superheater it is in the interest 3 

of thermal efficiency to provide Water cooled heat 
absorbing Surface in the bypass fue so that the 
final gas temperature from the flue will be at 
least as low as the temperature of the gases leav 
ing the Superheater pass. Also, in modern boilers 
Of the type utilizing convection Superheaters of 
the horizontal multiple loop tube type, it is in 
the interest of high absorption capacity and ef 
fective Space utilization to provide the above men 
tioned water cooled convection surface in the 
form of horizontal multiple loop tubes as a part 
of the economizer whereby it is subject to the 
forced flow of feed Water during normal opera 
tion. 

It is also the purpose of this invention to so 
dispose the economizer Surface that steam gener 
ated therein Will have minimum of disturbing 
reactions in connection with other character 
istics of the boiler unit. W 
The invention involves an arrangement of con 

vection Superheating and water heating Surface 
between Which the heating gas foW can be divid 
ed or proportioned as indicated in the interest 
of superheat or Superheater tube temperature re 
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inent of economizer Surface a portion of Which 
ray generate Steam under certain operating Con 
ditions without becoming steam-bound, 

It has been found that a preferable arrange 
ment for the use of a multiple loop horizontal 
tube economizer in a steaming gas pass in par 
allel With a gas paSS flue of a high temperature 
Superheater is one in which the feed water is first 
heated by a non-steaming section located in the 
gaS path above the Superheater and above the 
Steaming economizer, and With the feed water 
Subsequently passing to the upflow Steaming sec 
tion located in whole or in part in the damper con 
trolled bypass flue. With Such an arrangement 
the extent of internal economizer tube volume 
between the ZOne Where the economizer is first 
Contacted with hot gases and the discharge con 
nection to the boiler drum is limited, and changes 
in steam volume in the Steaming Section will have 
a minimum effect in disturbing Water levels in 
the steam and Water drum. 
The invention Will be described with reference 

to the accompanying drawings, and other objects 
of the invention Will appear as the description 
proceeds. 
In the drawings: 
Fig. 1 is a sectional elevation of a steam boiler 

Constructed in accordance with the teachings of 
this invention; 

Fig. 2 is a vertical section. On the line 2-2 of 
Fig. 1, illustrating the arrangement of tubes and 
the provisions for Superheat control in the con 
vection Section of the boiler; and 

Fig. 3 is a diagrammatic view in the nature of 
an elevation showing the arrangement of the 
economizer parts and the Superheater, with their 
headers. 
The boiler illustrated in Fig. i includes banks 

of tubes extending across the path of the furnace 
gases. Some of these tubes carry steam which 
is being Superheated and they are represented in 
Fig. 1 as the tubes of the Superheater 2. Other 
banks of similarly positioned tubes form the first 
and second economizer Sections O and 3, re 
spectively. 
The Superheater and the economizer are sub 

ject to furnace gases originating in the combus 
tion chamber 22 the walls of which present non 
metallic refractory faces to the burning fuel, the 
refractory material being maintained on Wall 
tubes 24 by metallic studs welded to the tubes. 
Beyond the combustion chamber 22, I provide 

means for lowering the temperature of the gases 
foWing from that chamber to Such banks of tubes 

quirements. The invention provides an arrange- 55 as those forming the Superheater 2 and the sec. 



2 2,295,538 
ond economizer section f3, a predominant 
amount of the heat absorbed between the Super 
heater and the combustion chamber 22 being 
transmitted to the Walls Of the intervening paS 
sages 36 and 38 by gaseous radiation, the Walls 
of these passages being defined by tubes con 
nected into the boiler circulation. 
The outlet 40 through Which the furnace gaSes 

pass from the combustion chamber 22 into the 
gas pass 36 is at the bottom of that chamber 
where it is crossed by refractory covered screen 
structures formed by bending the tubes of the 
Wall 46. At the bottom of the combustion cham 
ber 22, I provide a furnace floor 53 cooled by the 
floor tubes 52 directly communicating with the 
header 54 and a drum. 56, and connected by the 
latter into the fluid circulation of the boiler. 
When pulverized fuel is utilized by the burners 
55 the floor tubes 52 are covered with refractory 
material so that slag may be maintained on the 
bottom of the furnace. The collected slag is dis 
charged through a slag opening 58 to a Subjacent 
slag pit (not shown). 
The tubes defining the wall 46 and the gas mix 

ing screen extending acroSS the outlet 4 of the 
combustion chamber 22 are shown to communi 
cate at their lower ends With the drum. 56 and 
at their upper ends with the header 74. Other 
furnace wall tubes directly connect the headers 
74 and 54 and extend along the roof 76 and the 
wall 78 of the combustion chamber. 
The other Wall 48 of the passage 36 includes 

tubes 82 and 84 directly connecting the drums 
50 and 55, the tubes 84 being bent out of their 
wall-forming alignment at their upper ends SO 
as to reduce draft loss as the gases pass into the 
chamber 38. 
The Wall 90 of the passage 38 may be of a con 

struction similar to that of the wall 48 and it in 
cludes tubes directly connecting the drum 50 and 
the header 92. The latter may be Supported by 
the tubes of the wall 90 which are Suspended from 
a part of the setting. Water is Supplied to the 
header 92 by the tubes 98 which communicate at 
their lower ends with the header 00. The lat 
ter is connected by a number of downtake tubes 
O2 With the water space of the drum G4 and 

circulatory connection between the header fo 
and the drum 56 is formed by the tubes (6 which 
extend beneath the downflow paSSage 38 and the 
up-pass 08. The tubes 06 will act upon all ash 
particles coming in contact therewith to cool 
them so that they may be accumulated for re 
moval upon the inclined floor 0 of the hopper 

2. Such accumulations of ash may be continu 
ously or periodically removed by causing them 
to pass through the outlet f l 4 to the sluice 
way 6. 
Other characteristics of the steam generator 

are described in my co-pending application 
88,285, filed on July 1, 1936, and issued as Patent 
2,196,889, dated April 9, 1940. The present ap 
plication is a continuation-in-part thereof. 
The Superheater and economizer sections 0, 

2, and 4 are of the continuous tube type. As 
shown, the Superheater 2 has an inlet header 
8 connected by tubes 20 to the steam space 

of the drum 04. From the header f 8 the Su 
perheater tubes extend back and forth across a 
part of the gas pass 08 and are connected at 
their outlet ends to the header 22. 
An illustrative arrangement of the economizer 

sections and the Superheater Sections may be re 
garded as particularly shown in Figs. 2 and 3 
of the drawings. As here shown, the Second 
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economizer section 3 is located in the Superheat 
control bypass 206 formed by the setting wall 205 
and the division wall 72. 

Feed water enters the economizer inlet header 
26 (Fig. 3) and foWS through the tubes of the 
economizer section to the header 28. From 
One end of the latter the flow is through the 
downtakes 28 to the header 2 for the Second 
economizer Section or auxiliary econonizer Sec 
tion 3. From this header the flow is upWard 
through the looped tubes 2 2 to the header 24 
and thence through the tubes 25 to the header 
f3 of the third economizer section 4. From 
the header 30 water, or a mixture of water and 
steam, flows upwardly through the tubes of the 
economizer section 4 to the header 34 and 
thence to the drum (4 by Way of the uptake 
tubes 28. In the particular embodiment shown 
the headers 24 and 34 are structurally defined 
by a transverse diaphragm in a single long 
header. 
At low loads the amount of gases SWeeping the 

tubes of the economizer section 3 and that part 
of the economizer Section 0 in the bypass 206 is 
decreased, Sufficient active economizer circuits 
being provided by the third economizer Section 
4 and that part of the economizer section 0 
Contacted by the furnace gases in the main part 
of the gas pass 08, in which the superheater 2 
is disposed. 
The arroWS 220 and 222 indicate the down 

flow of Water in the economizer section 0 and 
the arrow 224 indicates an upflow of water in 
the economizer Section 3. Similarly, the arrows 
226 indicate an upflow of Water in the econo 
nizer Section 4. 
AS indicated in Fig. 3 of the drawings the head 

er 22 is the outlet header of the Superheater, 
the flow of steam being downward as indicated 
by the arrows 228. 
Both the Superheater tubes and the economizer 

tubes are of small diameter and they are also 
arranged in closely Spaced relationship. For ex 
ample, 2'' O. D. tubes may be arranged on a cen 
ter to center spacing transversely of the gas pass, 
of the order of 3' '. The tube leg spacing longi 
tudinally of gas foW may be somewhat greater 
but is is preferably not more than 4. 
The Successive loops of the superheater tubes 

and the economizer tubes are preferably united 
by metallic strutS 32. Such struts may be used 
in the lower temperature zones but between the 
Successive economizer tubes and superheater 
tubes in the higher temperature zones the suc 
cessive tubes are preferably connected by slip 
hanger constructions to compensate for the 
greater degree of expansion and contraction of 
these tubes. Such slip hanger constructions are 
illustrated in the United States patent to Gilg 
2,134,713, granted November 1, 1936. In any 
event, the Successive loops of the economizer sec 
tion and the Superheater are so joined that they 
form vertically arranged flat coils. These coils 
may be Supported by lugs welded to the tubes O2 
at One Side of the gas pass and by the lugs 36 
Welded to the tubes of the wall 90, at the other 
Side of the gas paSS. Co-operating lugs 38 are 
Welded to the coils. The furnace gases after pass 
ing acroSS the economizer and the Superheater 
proceed across the circulators 44 which directly 
connect the drums 50 and 04. The gases then 
flow between the dampers arranged at the top 
of the gas pass 08 and thence to the air heater 
3. 
The drum 50 is directly connected to the head 
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er 14 by an inner row of tubes 66 and an outer nace operating at high-temperatures; steam gen 
row 68 and the spaces between the tubes f68 maybe erating tubes subject to the heat of the furnace; 
closed by stud tube and refractory constructions and a convection section including closely spaced 
similar to those employed in the walls of the tubes subjected to the gases from the furnace; 
combustion chamber 22. Some of these spaces 5 the convection section including a superheater, 
are however left open so as to provide for the means forming a Superheater gaS pass and an 
operation of lance bars to remove slag which may economizer gas pass for receiving varying pro 
unduly accumulate on the tubes 82 and 84. portions of the total furnace gases passing over 

Preferably the baffle or division wall ff2 sepa- parts of the convection section; the economizer 
rating the Superheater bypass 206 from the gas 10 gas pass constituting a superheater by-pass, 
pass 207 is so positioned that the major part of means whereby steam from the generating tubes 
the gases pass through the latter. Preferably, passes to the superheater; a high temperature 
this baffle is so arranged that the superheater economizer Section positioned in the bypass so 
bypass 206 is about one-fourth the flow area of that the high temperature of the gases contacting 
the gas pass 207. The superheat is controlled by 15 it causes that section to act as a steaming econ 
regulating the end dampers 8 and 80 directly Omizer under certain load conditions, a parallel 
at the outlet of the bypass 206, and these damp- flow secondary economizer section positioned 
ers are intended to be open at full load so that over the superheater, a counter-flow primary 
the maximum amount of furnace gases will then economizer section extending over both the econ 
pass over the second economizer section or auxil- 20 omizer gas pass (superheater bypass) and the 
iary economizer section f3, and as the load de- Superheater gas pass and beyond the Superheater 
creases the dampers f78 and 80 will be moved and the other economizer sections relative to gas 
toward their closed positions. flow; means connecting the economizer sections 
The liquid cooled heat transfer surface in the in Series as to Water flow; and connections be 

bypass flue 206 consisting of a portion of the 25 tween an economizer section and the generator 
first economizer section 0 and the second econo- Whereby fluid from the economizer sections flows 
mizer section 3 provides for cooling the flue to the generator. 
gases passing therethrough, to a degree substan- 3. In a steam generator; a furnace operating 
tially corresponding to the cooling of the gases at high temperatures; steam generating tubes 
flowing through the main flue 207, as effected by 4 subject to the heat of the furnace; and a con 
the Superheater 2, the third economizer section vection section including closely spaced tubes 
14, and the portion of the first economizer 0 subjected to the gases from the furnace; the 
which is included therein. convection section including a superheater, con 

It is also to be noted that the convection heat nections whereby steam from the generating 
absorbing surface provided in the two passes is 35 tubes passes to the superheater, means forming 
Öf the horizontal multiple loop tube type, and the a Superheater gas pass and an economizer gas 
elements, whether superheater or economizer pass for receiving varying proportions of the total 
elements, are of corresponding lengths and gen- furnace gases, a parallel flow high temperature" 
eral shape. This arrangement is advantageous economizer section positioned in the economizer 
in permitting more flexible design and lower cost it gas pass so that the high temperature of the 
construction in that the two sets of elements can gases contacting it causes that section to act as 
both be supported on the same set of water a steaming economizer under certain load con 
cooled elements by similar devices, such as sup- ditions, a parallel flow secondary economizer sec 
ports 36 and 38. tion positioned in the superheater gas pass, a 
In this manner heat absorption in the specific 45 counterflow primary economizer section extend 

surfaces, such as superheating and boiler heat- ing Over both the economizer gas pass (super 
ing surfaces, are controlled to the end that the heater bypass) and the superheater gas pass be 
total steam superheat temperature is maintained yond the superheater and the other economizer 
at the desired figure without a sacrifice of ther- sections relative to gas flow, and connections be 
mal efficiency. At the same time the fluid flow 50 tween the economizer sections and the generator 
path is so arranged that good economizer flow for fluid flow through said sections to the gen 
conditions are maintained. erator. 
While I have described my invention with ref- 4. In a steam generator; a furnace operating 

ence to a specific embodiment thereof, it is to be at high temperatures; steam generating tubes 
appreciated that the method is not to be limited subject to the heat of the furnace; a convection 
to all of the details of that embodiment. It is Section including closely spaced tubes subjected 
rather to be considered as of the scope indicated to the gases from the furnace; the convection 
by the subjoined claims. Section including a superheater, steam connec 
I claim: tions between the outlets of the steam generating 
1. In a steam generator, a furnace, steam gen- go tubes and the Superheater, means forming a su 

erating tubes exposed to heat from the furnace, perheater gas pass and an economizer gas pass 
means forming a furnace gas outlet for the gen- arranged in parallel and receiving varying pro 
erator, means defining two parallel gas passes portions of the total furnace gases, a high tem 
between the furnace and the gas outlet, an inlet perature economizer section so positioned in ad 
economizer section extending across both passes, is vance of other economizer surface in the econo 
a superheater in one pass, means whereby steam mizer gas pass that the high temperature of the 
from said tubes passes to the Superheater, a sec- gases contacting it causes that section to act as 
ond economizer section in the other pass, means a steaming economizer under certain load con 
connecting the economizer sections to the gen- ditions, a separate Secondary economizer section 
erator for water flow thereto, damper means to to positioned in the Superheater gas pass and be 
effect distribution of gas flow between the two yond the superheater relative to gas flow, a 
passes, the second economizer section having an counter-flow primary economizer section extend 
upflow of Water and an upflow of heating gas ing across the path of furnace gases in both 
thereover. the economizer gas paSS (Superheater bypass) 

2. In a steam generating installation; a fur- 75 and the Superheater gas pass So that its elements 

  



4. 
are subject to the lowest gas temperatures in said 
passes, connections between the economizer sec 
tions for series flow of water therethrough, and 
other connections between the secondary econ 
omizer section and the inlets of the steam gen 
erating tubes. 

5. In a steam generating installation; a fur 
nace operating at high temperatures; steam gen 
erating tubes subject to the heat of the furnace; 
a convection section including closely spaced 
tubes Subjected to the gases from the furnace; 
and means forming a transition zone through 
which the gases pass from the furnace to the 
Convection Section; the convection section in 
cluding a superheater, means connecting the su 
perheater to the outlets of the steam generating 
tubes, means forming a superheater bypass for 
Varying proportions of the total furnace gases, 
a high temperature economizer section positioned 
in the bypass so that the high temperature of 
the gases contacting it causes that section to act 
as a steaming economizer under certain load 
conditions, a parallel flow Secondary econ 
Omizer section positioned over the superheater, 
a counter-flow primary economizer section ex 
tending over both the economizer gas pass (su 
perheater bypass) and the superheater gas pass 
and beyond the superheater and the other econ 
omizer sections relative to gas flow, means con 
necting the outlet of the secondary economizer 
Section to the inlets of the steam generating 
tubes, and water flow connections between said 
economizer Sections. 

6. In a steam generator, a furnace, steam gen 
erating tubes subject to the heat of the furnace 
gases, a steam and water separator, the steam 
generating tubes being connected to the sepa 
rator, means forming first and Second gas passes 
arranged for parallel flow, a Superheater having 
tubes positioned in a Zone of high gas tempera 
ture in the first gas pass, means connecting the 
Superheater tubes to said Separator, a high ten 
perature economizer section having at least some 
Of its tubes disposed in the second pass and in 
a Zone of gas temperatures of the same Order as 
the zone of the Superheater, a low temperature 
economizer section having heating elements dis 
posed in both gas passes beyond the high tem 
perature economizer section and beyond the Su 
perheater relative to gas flow, connections where 
by Water flows first through the low temperature 
economizer section and then through the other 
economizer section, water flow connections be 
tween the outlet of the high temperature econ 
omizer section and the separator, and flow con- ; 
trol means for proportioning the flow of furnace 
gases between said gas passes. 

7. In a steam generator, a furnace, means for 
burning fuel in the furnace, steam generating 
tubes exposed to the heat of the furnace gases, 
a Superheater including spaced tubes extending 
across the path of the furnace gases, connections 
between the Superheater tubes and the outlets 
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of the steam generating tubes, a bypass baffle di 
viding the flow of gases at the position of the 
superheater, a main economizer Section having 
tubes extending across the entire flow of the 
furnace gases On opposite sides of said baffle, a 
secondary economizer section disposed in the by 
paSS at the side of the baffle opposite the Super 
heater, water flow connections between said econ 
omizer Sections, connections between the inlets 
of the steam generating tubes and the secondary 
economizer section, and means for controlling 
and inversely varying the amount of gas flow 
Over the Superheater and the secondary econo 
nizer in order that superheat may be maintained 
constant Over a Wide range of boiler load Wari 
ations. 

8. In a steam generator, a furnace, means 
forming a furnace gas outlet for the generator, 
Steam generating tubes exposed to the heat of 
the furnace, means defining two parallel gas 
paSSes between the furnace and the gas outlet, an 
inlet economizer section extending across both 
passes, a Superheater in one pass, a second econ 
Omizer Section in the other pass, means connect 
ing the economizer sections for water flow there 
through, a connection between the inlets of the 
steam generating tubes and the second econo 
mizer Section, and damper means to effect dis 
tribution of gas flow between the two passes, the 
Said Superheater and the said second econo 
mizer being similarly formed of a plurality of 
Similarly supported multiple loop tubes. 

9. In a steam generator, a furnace, means 
forming a gas outlet for the generator, means 
defining two parallel gas passes between the fur 
nace and the gas outlet, steam generating tubes 
Subject to the heat of the furnace, counter-flow 
feed Water heating means in the two passes po 
Sitioned adjacent the outlet, a superheater in one 
paSS, inlet connections between the outlets of the 
Steam generating tubes and the superheater, a 
parallel flow economizer in the other pass, series 
flow water connections between the economizer 
and Said heating means, a connection between 
the economizer and the inlets of the steam gen 
erating tubes and control means to effect a dis 
tribution of gas flow between the two passes. 

10. In a steam generator, a furnace, means 
forming a gas outlet for the generator, means de 
fining two parallel gas passes between the fur 
nace and the gas outlet, a steam and water drum, 
Steam generating tubes connected to the drum, 
feed Water heater means in the two passes and 
positioned below the steam and water drum, a 
Superheater in One pass, a steam flow connection 
between the drum and the superheater, an up 
flow economizer in the other pass, means con 
necting the outlet of the heater means to the inlet 
of the economizer, means connecting the outlet 
of the economizer to the steam and water drum, 
and control means to effect distribution of gas 
flow between the two passes. 

ERWIN G. BAILEY. 


