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UNITED STATES PATENT OFFICE 
2,24,884 

STEAMBOLER 

Howard J. Kerr, Westfield, and Charles H. 
Woolley, Cranford, N. J., assignors to The 
Babcock & Wilcox Company, Newark, N. J., a 
corporation of New Jersey 

Application August 13, 1937, Serial No. 158,886 
(Cl. 122-480) 10 Claims. 

The present invention relates to the construc 
tion and operation of steam generators including 
convection heated Steam heating Surface and 
provisions for regulably by-passing heating gases 
around the steam heating surface When desired. 

It is Well known that modern high preSSure 
steam generators deliver steam at the Super 
heater outlet With temperatures as high as 900° 
to 950° F. Under these conditions it is important 
that the steam temperature entering the turbine 
be maintained at a designed Value. Higher Steam 
temperatures may exceed the safe limit for the 
turbine or the Superheater tubes, While loWer 
steann temperatures Will result in reduced planti 
efficiency and probably excessively increased 
moisture in the final or low pressure turbine 
stages. All operating conditions cannot be main 
tained constant Such as dirtiness of tubes and 
quality of fuel, for example, and some of these 
Will affect the Superheated steam temperature. 
Variation in the latter conditions can be com 
pensated by Superheat control. Constanti super 
heated Steam temperature from maximum boiler 
output to two-thirds or one-half maximum is 
now desired in representative economic practice. 

It is also Well known that there is considerable 
danger of the Superheater surface becoming 
overheated When there islittle orno steara floW 
therethrough, Such as during starting-up periods. 
This da ager can be minimized by by-paSSing a 
sufficient portion of the furnace gases around 
the Superheater. 
The general object of our invention is the pro 

Vision of a Steam generator of the character 
described With a Simple and effective Super 
heater Construction Which is further character 
ized by the arrangement of auxiliary heating 
Surface of high heat abSOrbing capacity in the 
gas by-pass around the Superheater for pro 
tecting the by-pass control provisions and main 
taining the thermal efficiency of the unit When 
the by-pass is in USe. A further and more 
Specific object is an improved construction and 
arrangement of a, steam heating Surface by-paSS 
in a Steam generator of the Babcock & Wilcox 
high head type Which is characterized by its 
simplicity and loW cost of construction, effec 
tiveness, loW draft loss, and loW maintenance. 
The various features of novelty Which charac 

terize the invention are pointed. Out With par 
ticularity in the claims anneXed to and forming 
a part of this specification. For a better under 
standing of the invention, its operating advan 
tages and specific objects attained by its use, 
reference should be had to the accompanying 
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drawings and descriptive matter in Which We 
have illustrated and described a preferired em 
bodiment of Our invention. 
Of the drawings: 
Fig. 1 is a partly diagrammatic sectional ele 

vation of the upper portion of a steam generator 
unit constructed in accordance With our inVen 
tion; 

Fig. 2 is a vertical Section taken on the line 
2-2 of Fig. 1; and 

Fig. 3 is a plan section taken on the line 3 
of Fig. 1. 

In the draWings is illustrated a Steam gen 
erator of the Babcock & Wilcox high head type 
With the convection heated Surface arranged 
across the outlet of a Water cooled furnace lì, 
the Wall cooling provisions of Which form part 
of the steam generating surface and are con 
nected for circulation in a Well known manner. 
The pressure parts include a horizontally in 
clined bank of steam generating tubes ll eX 
tending acroSS the top of the furnace and haVing 
their upper and loWerends connected to uptake 
headers 2 and downtake headers 3 respectively. 
The loWer tube rows of the bank and the tubes 
thereinare Widey Spaced to form a Slag SCreen. 
A steam and Water drum 4 extends transVersely 
of and a substantial distance above the downtake 
headers 3, being connected to the latter by 
vertical downcomer tubes 5 and to the uptake 
headers 2 by riser tubes 6 eXtending Vertically 
along the front side of the setting, and thenhori 
Zontally along the top of the Setting to the drum 

The pressure parts described are top Sup 
ported from the Surroundingsteel Workby means 
of hanger rods. 7 connected to the Upper end 
of the vertical portions of the riser tubes 6 and 
U-shaped hangers 18 eXtending around the drum 
4. 
The Setting Space defined by the tube bank, 

risers and downcomers With the high drum, is 
of substantial Volume and advantageousy em 
ployed for the location of the auxiliary econo 
mizer and superheater surface of the unit. In 
accordance With our invention this Space is di 
Vided into a pair of laterally adjoining upfloW 
gas passes 20 and 2 and a laterally adjoining 
downflow gas pass22. The provisions for this 
purpose comprise a rOW of tubes 23 extending 
inWardly and upWardly from the upper portion 
of the roW. of doWntake headers 3 and having 
verticalupper portions 23 connected to a trans 
Verse box header 24. The tubes 23 and header 
24 are connected into the boiler circulation sys 
tem andare adequately supported from the ex 
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terna steel Worl: by means of tubes 25 extending 
vertically from the header 2 and then trans 
versely into the drum and hangerrods 23 con 
necting the vertica portions of the tibes 25 to 
the top steel Work. The tube portions 23a are 
party studded along their intertube Sides to sup 
port refractory material 2 for closing the inter 
tube spaces and forming a baffle or partition 
28 between the upfioW passes 2 and 2. A re 
fractory baffile 23 is mounted on the header 23 
and forms a continuation of the baffie 23. 
A transverse Series of tubes 3 extend inWard 

ly and upWardly from the down take headers i 3 
With inclined and vertica portions arranged par 
allel to the corresponding portions of the tubes 
23, with the upper ends of the tubes 35 connect 
ed to a transverse header 3i. A refractory baffle 
32 extends from the downtake header A3 betWeen 
the incined portions of the tubes 23 and 36, and 
then vertically along the Vertical portions of the 
tubes 3 to the header 3. A Series of Support 
ing tubes 33 extend Vertically up from the header 
3 and then horizontally to the drum fi, the 
tubes 33 being supported by hanger rods 3é in the 
same manner as the tubes i6 and 25. A refrac 
tory bafie 35 extends vertically along the tubes 
33 from the header 3 to a level corresponding to 
the upper end of the baffie 29. The baffiles 23, 
29, 32 and 85 extend the full Width of the setting 
and divide the Space betWeen the circulator rOWS : 
into the Wide and narrow up fioW passes 29 and 

i respectively and the downflow paSS 22, the re 
maining sides of the passes being defined by the 
Setting. 
With the described baffile arrangement heating 

ga SeS Will floW Vertically acroSS the fUllength Of 
the steam generating tube bank A, and on leaVing 
the tubes li are caused to converge by the in 
clined portion of the baffle 32 towards the front 
Side of the unit: The converging gases Will be 
divided by the partition 23 between the Wide up 
fdoW paSS 2 è and the narroW paSS 2, and floW 
Verticaliy therethrough. The gas Streams com 
bine on leaving the upper ends of the passes 25 
and 2 and floW downwardly through the down 
flow paSS 22 to a gas outlet 36 opening through 
the rear side of the setting immediately above the 
downtake headers 3. 
In accordance With our invention the Steam 

heating Surface of the unit is confined to the 
lower portion of the up fioW paSS 2), and aS 
shown, consists of a Steam Sliperheater having 
a series of multiple loop flat tube coils º ar 
ranged side-by-side transVersely of the gas paSS 
and haVing their loWer and upper ends co)- 
nected to inlet and outlet headers ?i and 2 re 
Spectively, the iniet header È being connected 
to the upper part of the drum i 4 by tubes 3. 
With this arrangement the superheater ) Will 
extend entirely across the upflow gas pass 2. 
'iThe Opposite looped ends of each tube coi haVe 
a supporting connection With the circulator tubes 
i 6 and baffie tube portions 23 permitting eXpan 
Sion and contraction of the Superheater tubes in 
Operation. 
The Water heating or ecolonizer surface of 

the unit is preferably divided into tWo sections, 
a loWer inlet, section 33 and an upper outlet sec 
tion 5 Serialiy connected thereto, and each COn 
prising a Series of multiple loop tube coils con 
Structed and arranged similar to the Superheate 
tubes ). The lower ends of the loWer Section 
economizer tubes are connected to a feed Water 
inlet header 32, While the upper ends of the up 
per section economizer tubes are connected di 
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rectly to the drum i . The loWer economizer 
section 5 is horizontally arranged With its tube 
legS eXtending through the bafile 35 and its 
loOped end portions adiacent the tubeS 23 and 5 
reSpectiVely. Tine loWer economizer Section is 
novably Supported at one end from the circu 

iato tubes i5 and at an intermediate point ad 
jacent the opposite end on the header 31. The 
1pper ends of the tubes 5 are serialiy connected 
to corresponding tubes in the upper economizer 
Section i by connectors 53 located Within the 
gas paSS 2 adiacent the baffle 35. The tube 
coils of the upper economizer section extend not 
Only through the baffle 33, but also through the 
baffile 23, With the opposite looped ends of these 
tubes adiacent to and movably supported from 
the circulator tubes 5 and G. The header 26 
SerVes as an intermediate support for the upper 
econonizer section. Movement of the econo 
rnizer tube banks relative to one another and to 
their supporting means is thus permitted. 

VVith this arrangement the heating gases fiow 
ing upWardly through the Wide gas paSS 20 Will 
first contact With the Superheater tubes 40 and 
then With the front end portion of the econo 
mizer tube bank 5, While the gases flowing 
through the narrow upiloW pass 2 i contact suc 
cessively with the front end portion of the lower 
economizer section and an intermediate portion 
of the upper economizer section. The heating 
gases leaVing the UpfdoW passes 20 and 2 com 
bine and floW downwardly through the gas pass 
22 Over the rear portions of the upper and lower 
economiZer Sections in Succession. The fluid flow 

; through the tubes of the allXiliary heating Sur 
face in the upfloW gas passes Will thus be par 
allel to the heating gas fioW, While in the down 
fioW pass 22 the internal fluid flow Will be counter 
to the heating gas flow. 
The narroWupflow pass 2 serves as the Super 

heater by-pass through Which a regulable por 
tion of the heating gases may be caused to flow. 
The by-pass control provisions consist of a series 
of metallic darapers 6 extending across the up 
per end of the gas pass 2 and in their closed 
position resting on the uppermostrow of econo 
Inizer tubes 5i. The dampers 66 are hinged at 6 
adiacent the baffle 29. The damper operating 
mechanism comprises an adjustable turnbuckle 
rod 62 connecting the upper side of the damperto 
a lever arm 63 carried by a control shaft 64 ex 
tending transversely of the setting immediately 
belOW the roof thereof. A counterWeight 65 is 
arranged on each end of the shaft 64, and the 
dampers 69 may be manually or automatically 
Controlled to Vary the portion of the heating 
ga SeSpaSSing through the by-pass 2. Soot bloW 
er elements 63 are arranged at various points ad 
jacent the auXiiiary Surface. 
The described location of the dampers rela 

tive to the economizer surface is especially ad 
Vantageous in that a sufficient armount of rela 
tively cold economizer surface is arranged be 
loW the dam pers to reduce the temperature of 
the by-passed gases to a safe temperature be 
fore they contact with the dampers. 
During starting-up periods, the economizer 

tubes 50 and 5i, being below the normal Water 
level, Will be filled with water, although the feed 
Water supply connection to the header 52 is not 
normally open. The water in the economizer 
tubes Will be rapidly heated to the saturation 
temperature. To avoid the economizer tubes, 
and especially the tube portions within the by 
pa SS 2, becoming Steam-bound, a circulation 
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through the econonizer tubes is established by 
providing recirculation tubes 70 connected to eX 
ternal downcomers , leading from the drum 
i 4 to the furnace Water Walls, and the economizer 
inlet header 52, the connection being controlled 
by a manually operable valve 2, although auto 
matic control means responsive to the fluid con 
dition in the economizer tubes may be employed 
Where desirable. During this period, there Will 
be Little, if any, Steam floW through the Super 
heater tubes. The by-pass dampers 6 arethere 
fore moved to their Wide open position toproVide 
a maximum flow of heating gases through the 
by-pass 2 and this reduces the gas floWing over 
the superheater tubes to a minimum. VVhen the 
unit is ready to deliver steam the economizer re 
circulator tube valves 2 are closed and the con 
nection between the economizer inlet header 62 
and the feed pump opened, to provide a forced 
fiow through the economizer tubes to the drum 
4. The dampers ?are gradually moVed toWard 

their closed positions to increase the proportion of 
the gases passing over the superheater and Sub 
sequently regulated as to position to obtain the 
deSired Superheat temperatures. 
The by-paSS construction described requires a 

relatively low initial investment and feW changes 
in structural design from the standard boilers of 
this type. The amount of economizer Surface 
Within the by-paSS, While sufficient to reduce the 
temperature of the heating gases to a Safe tem 
perature before contacting With the control 
dampers, renders only a Small portion of the 
economizer Surface thermally ineffective When 
the by-pass is entirelyclosed, and thereby mini 
mizes the loSS in thermal efficiency during Such 
periods. However, the by-pass Willi normalybe 
partly Open So that the economizer Surface SWept 
by the gases floWing through it, Will be effective. 
While in accordance With the provisions of the 

Statutes We have illustrated and described herein 
the best forn of the invention known tous, those 
skilled in the art Will underStand that changes 
may be made in the forn Of the apparatus diS 
closed Without departing from the Spirit of the 
invention covered by the claims, and that cer 
tain features of our invention may Sometimes be 
used to advantage Without a CorreSpOnding use 
of other features. 
We clain: 
1. A steam boiler comprising a bank of in 

clined steam generating tubes, a transverse steam 
and Water drum arranged above said tube bank, 
uptake and doWntake circulator tubes connecting 
the opposite ends of Said tube bank to Said drum, 
baffie means arranged to divide the Space de 
fined by Said tube bank, circulator tubes and 
drum into a plurality of gas paSSes including a. 
pair of adjoining upflow passes and a laterally 
adjoining downfioW paSS Serially connected to 
said upfloW passes at their upper ends, steam 
heating Surface arranged in and confined to one 
of Said upflow passes, economizer Surface ar 
ranged in the other of Said upfloW passes, and 
damper means for Said other upflow paSS ar 
rangedi for Varying the distribution of the heat 
ing gases betWeen Said upfioW paSSeS. 

2. A steam boiler comprising a bank of inclined 
Steam generating tubes, a tranSVerSe Steam and 
Water drum), arranged above Said tube bank, up 
take and doWintake circuator tubeS connecting 
the opposite ends of Said tube bank to Said drum, 
baffie means arranged to divide the Space de 
fined by Said tube bank, circulator tubes and 
drum into a plurality of gas passes including a 
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pair of adjoining upflow passes and a laterally 
adjoining downflow pass serially connected to 
said upflow passes at their upper ends, steam 
heating surface arranged in one of said upfloW 
passes, economizer Surface arranged in the other 
of Said upflow passes and Said downfoW p2SS, 
and a floW control damperfor said last mentioned 
upflow pass arranged immediately above Said 
economizer Surface. 

3. A steam boiler comprising a bank of in 
clined steam generating tubes, a transverse steam 
and Water drum arranged a substantial distance 
above said tube bank, uptake and downtake cir 
culator tubes connecting the Opposite ends Of 
Said, tube bank to Said drum, baffie means ar 
ranged to divide the Space defined by Said tube 
bank, circulator tubes and drum into a pair of 
adjoining Wide and narrOW lupflOW paSSeS and a. 
laterally adjoining downflow pass serially Con 
nected to said upflow passes at theirupper ends, 
Steam heating Surface arranged in Said Wide Up 
flow pass, economizer surface arranged in Said 
narrow upflow pass and said downfioW paSS, and 
a flow control damper for said narrow upfloW 
pass arranged immediately above said economizer 
surface. 

4. A Steam boiler comprising a bank of in 
clined Steam generating tubes, a tranSVerSe Steam 
and Water drum arranged above Said tube bank, 
uptake and downtake circulator tubes connect 
ing the opposite ends of said tube bank to Said 
drum, baffle means arranged to diVide the Space 
defined by saidi tube bank, circulator tubes and 
drum into a plurality of gas paSSeS including a 
pair of upflow passes and a laterally adjoining 
downflow paSS serially connected to Said lupfoW 
passes at theirupper ends, a bank of steam heat 
ing tubes eXtending a CrOSS and confined to one 
of Said uploWpaSSeS, a Sectional econOmniZer CO2 
prising an upper tube bank eXtending across said 
downfioW passand Said upflow passes and a loW 
er tube bank eXtending a CrOSS Only the Cther of 
said upfloW passes and Said doWnflow p2SS, and a 
flow control damper for Said last mentioned up 
flow pass arranged above said econonizer Upper 
tube bank. 

5. A Steam boiler comprising a bank of inclined 
steam generating tubes, a transverse Steam and 
Water drum arranged a Substantial distance above 
said tube bank, uptake and downtake circulator 
tubes connecting the opposite ends of Said tube 
bank to Said drum, baffie neans arranged to 
divide the space defined by Said tube bank, cir 
Cuator tubes and drun into a pair of Wide and 
narrow upfloW paSSeS and a lateraly adjoining 
downfioW paSS Serialy connected to Said UploW 
passes at theirupper ends, a bank of Steamheat 
ing tubes extending across and confined to said 
Wide upfloWpaSS, a sectional economizer compris 
ing an upper tube bank eXtending acrOSS Said 
doWnfioW pass and Said upfloWpasses and a low 
er tube bank eXtending acroSS Only Said narrow 
upfloW paSS and Said downflOW paSS, and a floW 
control damper for said narrow upflow pass ar 
ranged above said economizer upper tube bank. 

6. A steam boiler comprising a bank of inclined 
Steam generating tubes, a transverse steam and 
Water drum arranged a Substantial distance 
above said tube bank, uptake and downtake cir 
culator tubes connecting the opposite ends of 
Said tube bank to said drum, longitudinally spaced 
rOWS of Vertically disposed fluid conduit ele 
ments having their lower ends communicating 
With Said doWIn floW circulator tubes and their 
upper ends With Said drum, baffle means asso 
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ciated with said elements and dividing the Space 
defined by said tube bank, circulator tubes and 
drum into a plurality of gas passes including a 
pair of Wide and narrow upfloW paSSes and a 
laterally adjoining doWnfioW pass Serially Con 
nected to said upflow passes at theirupper ends, 
a bank of steam heating tubes eXtending a CrOSS 
and confined to said Wide upflow pass, a bank 
of economizer tubes eXtending a CrOSS Said nar 
row upflow pass and said doWInfloW paSS, and a 
floW control damper for said narrow upflow pass 
arranged above said economizer tube bank. 

7. A steam boiler comprising a bank of in 
climed steam generating tubes, a transverse steam 
and Water drum arranged a substantial distance 
above said tube bank, uptake and doWntake Cir 
culator tubes connecting the opposite ends of Said 
tube bank to said drum, longitudinally Spaced 
rows of vertically disposed fluid conduit elements 
having their loWer ends communicating With said 
downfioW circulator tubes and their upper ends 
With Said drum, baffle neans associated With Said 
elements and dividing the Space defined by Said 
tube bank, circulator tubes and drum into a 
plurality of gas passes including a pair of Wide 
and narrow uplow passes and a laterally adjoin 
ing downfioW pass serially connected to said up 
flow passes at their upper ends, a bank of steam 
heating tubes eXtending across and confined to 
said Wide upflow pass, a bank of economizer tubes 
eXtending across said narroWupfloWpaSS and Said 
downfloW pass, a transverse header incorporated 
in one of said rows of elements and forming a 
support for said economizer tube bank, and a 
flOW control damper for Said narrOW upfloW paSS 
arranged above Said economizer tube bank. 

8. A steam boiler comprising a bank of in 
clined steam generating tubes, a transverse steam 
and Water drum arranged a substantial distance 
above said tube bank, uptake and doWntalke cir 
culator tubes connecting the opposite ends of 
said tube bank to said drum, longitudinally Spaced 
roWS of Vertically disposed fluid conduit ele 
mentS haVing their loWer ends communicating 
With Said downfioW circulator tubes and their 
upper ends With Said drum, baffle means asso 
ciated With said elements and dividing the Space 
defined by said tube bank, circulator tubes and 
drum, into a plurality of gas passes including a 
pair of Wide and narrOW upfloW paSSeS and a 
laterally adjoining doWnfloW paSS Serially con 
nected to said upfloW passes at their upper ends, 
a bank of stea.In heating tubes eXtending across 
and confined to Said Wide upfloW pass, a sectional 
economizer comprising an upper tube bank ex 
tending across Said downfioW pass and said up 
flow passes and a lower tube bank extending 
acrOSS Only Said narrow upflow pass and said 
doWnfloW pass, and a flow control damper for 
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said narrow upflow pass arranged above Said 
economizer upper tube bank. 

9. A steam boiler comprising a bank of in 
clined steam generating tubes, a transverse 
steam and Water drum arranged a Substantial dis 
tance above said tube bank, uptake and doWn 
take circulator tubes connecting the opposite 
ends of said tube bankto said drum, longitudinal 
ly spaced rows of vertically disposed fluid conduit 
elements having their loWer ends COmmunicati 
ing with said downfioW circulator tubes and 
theirupper ends With Said drum, means for Sup 
porting said elements independently of Said drum, 
baffile means associated With said elements and 
dividing the space defined by Said tube bank, cir 
culator tubes and drum into a pair of Wide and 
narrow upfloW passes and a laterally adjoining 
downflow pass serially connected to said upfloW 
paSSes at theirupper ends, a bank of Steam heat 
ing tubes extending across and confined to Said 
Wide upflow pass, a sectional economizer com 
prising an upper tube bank eXtending acroSS Said 
downfloWpass and said upfloWpasses and a loWer 
tube bank extending across only Said narroW 
upfioW pass and said doWInflow paSS, a header 
incorporated in one of said roWS of elementS and 
forming a Support for Said economiZer upper tube 
bank, a second header incorporated in the other 
rOW of elementS and forming a SUpport for Said. 
economizer loWer tube bank, and a floW controi 
damnper for Saidi narrOW upfloW paSS arranged 
above Said economizer upper tube bank. 

10. A steam boiler comprising a bank of iin 
clined steam generating tubes, a transverse steam 
and Water drum arranged above said tube bank, 
groups of uptake and doWntake circulator tubes 
connecting the opposite ends of said tube bank 
to Said drum, baffie means arranged to divide the 
Space defined by said tube bank, circulator ttibe 
groups and drum into a pair of parallelupflow 
paSSeS and a laterally adjoining downflow pass 
Serially connected to Said upfioW passes at their 
upper ends, a, Sectional economizer comprising 
an upper tube bank extending across said down 

ù floW paSS and both of Said upflow passes and 
connected at its upper end to said drum, and a 
loWer economizer tube bank serially connected 
to Said upper tube bank and extending across 
only one of Said upfloW passes and Said down 
floW paSS, steam heatiing surface confined to the 
other of Said upflow passes, damper means for 
Said one upfloW pass, means for supplying feed 
Water to the loWer end of said lower economizer 
tube bank, and recirculator connections con 
necting the Water Space of said drum to the CWer 
end of Said loWer economizer tube bank. 
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