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UNITED STATES PATENT OFFICE 

This invention relates in general to the CO 
struction and operation of vapor generators es 

- pecially adapted for the burning of bagasse and 
similar high moisture fuels, and more particular 
ly to the construction and relative arrangement 
of the furnace portion of such units. 

. In my prior joint patent with H. G. Gregory, 
No. 1,952,010, is illustrated a general type of re 
fractory furnace which is in extensive use in such 
generating units. In these units the furnace is 
arranged mainly at one side of a steam boiler so 
that the main combustion chamber is effectively 
screened from the heat absorbing surface of the 
boiler by a bridgewall and a drop nose arch, be 
neath which the burning gases pass and turn 
upwardly into the steam boiler. This furnace 
construction and arrangement was considered 
essential for the maintenance of satisfactory 
combustion conditions with fuels having the high 
percentage of moisture which bagasse contains 
when delivered to the furnace directly from the 
mill. This construction and relative arrange 
ment of the furnace with respect to the steam 
boiler has many inherent practical disadvantages, 
Such as large floor space requirements, high first 
cost and maintenance due to the expensive roof, 
arch and bridgewall construction, and substan 
tial radiation losses. While such disadvantages 
are recognized as substantial, they are usually 
considered of secondary importance when com 
pared to the cost and inconvenience of the shut 
down periods required every few days to remove 
the ashes from the furnace. Frequent cleaning, 
particularly of the portion of the combustion 
chamber below the nose portion of the arch is 
required because of the abrupt change of di 
rection of the gases while passing through this 
section and the consequent substantial deposition 
of fly ash therein. 
The main object of my invention is the pro 

vision of an improved vapor generating unit for 
burning bagasse and like fuels which is partic 
ularly characterized by the arrangement of a 
vertical furnace directly below the first gas pass. 
of the steam boiler whereby a suibstantial reduc 
tion in radation losses, floor space requirements, 
initial cost, maintenance and operating cost is 
effected, increased efficiency and capacity ob 
tained, and ash accumulations in the furnace 
reduced to such an extent that the period between 
cleaning operations may be greatly increased. 
The various features of novelty which charac 

terize my invention are pointed out with partic 
ularity 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 
drawings and descriptive matter in which I have 
illustrated and described preferred embodiments 
of my invention. 
Of the drawings: 
Fig. 1 is a vertical Section taken on the line 

-4- of Fig. 2 of a bagasse furnace constructed 
in accordance with my invention; 

Fig. 2 is a vertical section taken on the lin 
2-2 of Fig. ; 

Figs. 3 and 4 are horizontal sections taken on 
the lines. 3-3 and 4-4 of Fig. 1 respectively; 

Fig. 5 is a view similar to Fig. 1 illustrating a 
modified furnace construction; 

Fig. 6 is a vertical section, taken on the line 
6-6 of Fig. 5; 

Fig. 7 is a horizontal section taken on the line 
7-7 of Fig. 5; . 

Fig. 8 is a plan view of the furnace base plates 
shown in Figs. 5 and 6 with a part broken away 
and in section; 

Fig. 9 is a side view of a portion of one of the 
base plates; and 

Fig. 10 is a longitudinal section through one 
of the tuyères used in the modified construction. 
The vapor generating unit illustrated in Figs. 

1-4 comprises a steam boiler of the Babcock & 
Wilcox type having a relatively narrow bank of 
horizontally inclined steam generating tubes lo 
within a setting having refractory side walls O. 
An inclined vertical baffle ff cooperates with 
the headers at the upper end of the tube bank 
to form the first gas pass across the tube 
bank. In accordance with my invention a re 
fractory walled vertical furnace 2 of substantial 
height is arranged directly below the tube bank 
with the furnace outlet registering with the first 
gas pass of the boiler. The furnace may be con 
sidered as divided into a lower hearth section 3 
and an upper throat section 4. The hearth sec 
tion is of internal elliptical cross-section while 
the throat section is of rectangular cross-section, 
as indicated in Figs, 3 and 4. , 
The furnace is defined by a flat refractory floor 

or hearth 5 supported on I-beams 6, a pair of 
oppositely arranged refractory sidewalls 7 and 
f8 having lower convex portions fa and 8a re 
spectively defining opposite sides of the hearth 
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section and upper diverging inclined portions (Tb 
and 8 respectively defining opposite sides of the . . . . 
throat section, and a pair of oppositely arranged 
front and rear refractory walls 20 and 2 frespec 
tively having lower vertical sections 20 and 2 a. 55. 



O 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

O 

2 
respectively between which the side walls 7 and 
8 extend, and upper portions 20b and 2b re 

spectively first symmetrically converging to de 
fine a transversely elongated furnace throat 9 
and then diverging at a relatively steep angle to 
form a flaring outlet from the furnace. The Wall 
portions (Tb and 8b are supported on inclined 
I-beams 22 and the walls 20 and 2 by I-beams 
23 held in position by channels 24 and rod Sup 
ports 25 extending from the boiler supporting 
steel work. The front and rear ends of the hearth 
section are provided with relatively large access 
Openings 28 closed by doors 29. - 
The Walls a and fa of the hearth or fire box 

section of the furnace have vertically spaced 
rows of tuyeres 30 extending therethrough and 
arranged normal to the inner side of the cor 
responding wall, as shown in Figs. 1-3. As shown 
in Figs. 2 and 3, at opposite sides of the hearth 
section is provided a refractory chambered struc 
ture 3 having passages 32 alongside of the side 
wall portions 7a and 8a which are closed at 
their upper ends and communicate with the Outer 
ends of the tuyeres 30. Alongside the passage 
32 adjacent the wall 8 and separated by a wall 
33 is a similarly shaped larger chamber 34 closed 
at its lower end. Along the side wall portion 7 
and separated by a wall 35 from the correspond 
ing passage 32 is a similar chamber 36 opening 
at its lower end to a chamber 3 below the floor. 
The iower ends of the passages 32 open to the 
chamber 37. A steel casing 40 entirely sur 
rounds the throat section of the furnace from 
the chambered structure 3 to the boiler setting. 
A blower 4 is mounted in the casing Wall ad 
jacent the chamber 34, so that air is forced 
around the throat section and then down through 
the chamber 36 to the chamber 37, from which 
it passes upwardly through the passages 32 to 
the tuyères 30. The air for combustion is thus 
preheated by and cools the furnace Walls and is 
discharged by the tuyeres in a multiplicity of 
spaced high velocity horizontal streams into the 
hearth Section over a Substantial portion of its 
Wall area. 

Bagasse is fed to the furnace through an in 
clined chute 45 which extends through the cas 
ing 48 and the front furnace wall 20. The ba 
gasse falls onto the furnace floor 5 and accumu 
lates thereon in a substantially conical low pile. 
Preheated combustion air is discharged into the 
base of the fuel pile through the lowermost 
tuyères 308 and towards the sides of the pile 

In normal Opera through the upper tuyeres. 
tion combustion will take place at a rapid rate 
and a relatively high furnace temperature can 
be easily maintained due to the refractory wall 
Surface enclosing the furnace chamber and the 
relatively high radiating effect from the converg 
ing wall portions 20, 2 to the burning fuel. 
The symmetrical arrangement of the furnace 
walls relative to the hearth facilitates the main 
tenance of a hot furnace as substantially all of 
the heat radiated inwardly contributes to this 
effect. The heat radiated inwardly oy the di 
verging portions of the Walls 20, 2 is mainly ab 
sorbed by the boiler tubes. The furnace wall ar 
rangement also eliminates any pockets wherein 
Separated ash night collect and provides in ef 
fect a self-cleaning furnace. The arrangement 
also provides a relatively straight vertical flow 
path for the heating gases, minimizing the pres 
Sure drop through the furnace and avoiding the 
presence of eddy Currents. 
ascending gases is minimized by the successive 
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Stratification of the 

restricting and expanding actions of the furnace 
throat. The throat also facilitates the mixing 
and combustion of any unburned gases tending 
to escape from the lower furnace Section. The 
f vone of the furnace chamber is this 
titilized for combustion purposes. The throat 
size is designed to permit a predetermined amount 
of radiant heat transfer from the furnace to the 
Superposed boiler tube bank while preventing 
radiation in an amount which would result in 
excessive cooling of the furnace. A throat length 
about one-quarter the hearth length, as shown 
in Fig. 1, has been found suitable. The relative 
furnace arrangement has been found to also re 
duce the pressure drop through the furnace, pro 
vide a more uniform heat output and greater 
flexibility and ease of control, permit the use of 
fewer operators, and results in a substantial in 
crease in the overal efficiency of the unit. These 
Operating advantages in a furnace having a lower 
COSt of construction and maintenance and a sub 
Stantially longer interval between cleaning peri 
Ods are of great practical importance in the burn 
ing of high moisture fuels. In one test of a 
boiler unit Such as illustrated, bagasse having 
48% moisture was successfully burned with only 
25% excess air and at 165% rating and the boiler 
and furnace efficiency found to be 66%. 
In FigS. 5-10 is illustrated a modified construc 

tion in which two hearths are used in the fur 
nace below a single tube bank. In this con 
struction the floor 5 is rectangularly shaped and 
divided into two rectangular sections by a fire 
brick Wall 50. A pair of similar cast iron base 
plate members 5 are arranged in spaced rela 
tion in each floor section. Each base plate has 
a flat upper surface 52 supported on parallel leg 
flanges 53 and a concavely curved leg flange 54 
along its inner side. The plates are arranged so 
that the curved flanges 54 define a substantially 
elliptical hearth area open at its front end in 
register with the bottom of the door opening 55. 
The curved leg flanges have a multiplicity of up 
Wardly tapered narrow slots 56 and 57 of stag 
gered heights through which air delivered to 
the underside of the base plates will discharge 
into the relatively low conical fuel pile resting 
on the hearth and base plates, as indicated in 
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broken lines in Figs. 5 and 6. Bagasse may be . 
Supplied through all or part of the openings 58 
in the Side and end walls of the furnace. 
As shown in Figs. 5 and 7, the lower part of 

50 

the throat front and rear walls is formed by the 
tile 60 which are supported by bent pipes 6 f 

- having their ends fixed in position. Additional 
air is supplied to the furnace through tuyeres 65, 
of the form shown in Fig. 10, arranged in ver 
tically spaced rows along the rear wall and in 
single rows in the front and rear walls below 
the throat. Combustion air is delivered to the 
tuyères 65 and interior of the base plates 5 from 
a casing 40 along the rear wall 2. The casing 
has an air inlet Ob. 
The operation of the modified construction is 

Substantially the same as that shown in Figs. 
1-4. Each of the fuel piles receives art adequate 
supply of combustion air to its base with addi 
tional Secondary air supplied above the normal 
fuel level and below the throat 9. The use of 
metallic base plates of the type described is ad 

55 

60 

65 

70 
vantageous in reducing the amount of floor space . 
required for the separate hearths. The division 
of the fuel between separate hearths substan 
tially increases the combustion rate and provides 
more uniform furnace conditions. - 75 
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2,114,319 
While in accordance with the provisions of 

the statutes I have illustrated and described 
herein the best forms of my invention now known 
to me, those skilled in the art will understand 
that changes may be made in the form of the 
apparatus disclosed without departing from the 
spirit of the invention covered by my claims, and 
that certain features of my invention may some 
times be used to advantage Without a correspond 
ing use of other features. In the claims the term 
"bagasse' is intended to generically cover ba 
gasse and similar high moisture content fuels. 

claim: 
1. A vapor generator comprising a setting, a 

bank of inclined Vapor generating tubes within 
said setting, a single pass furnace for burning 
bagasse having pairs of opposite refractory walls 
defining a lower hearth section and a Superposed 
throat section, a floor at the bottom of said 
hearth section, an opening in one of said refrac 
tory Walls for the introduction of bagasse onto 
Said floor in a substantially conical pile, means 
for supplying streams of air into the base of said 
pile of bagasse, One of said pairs of Opposite re 
fractory Walls converging to form a transversely 
elongated throat and diverging above said throat 
to form a flaring chamber directly below a por 
tion of said tube bank, a casing forming air pas 
Sages Surrounding said throat section and com 
municating with said hearth section, and an ac 
cess opening in said hearth section at approxi 
mately the level of said floor. 

2. A vapor generator comprising a setting, a 
bank of inclined vapor generating tubes within 
Said Setting, a single pass furnace for burning 
bagasse having pairs of opposite refractory walls 
defining a lower hearth section and a super 
pOSed throat section, a floor at the bottom of 
said hearth section, a metallic plate structure on 
said floor surrounding a substantially elliptical 
floor area, and having air discharge openings in 
the sides thereof adjacent said floor area, an 
opening in one of said refractory walls for the in 
troduction of bagasse onto said floor area, one 
of said pairs of opposite refractory walls con 
verging to form a transversely elongated throat 
and diverging above said throat to form a flaring 
chamber directly below a portion of said tube 
bank, and an access opening in said hearth sec 
tion at approximately the level of said floor. 

3. In a bagasse furnace, a hearth section hav 
ing a floor, a pair of complementary plate mem 
bers on said floor, each plate member having an 
upper Surface supported on flanges including an 
inner flange having a series of openings...there 
in communicating with the interior of said plate 
member, said plate members being oppositely 
arranged with their inner flanges bounding a 
predetermined floor area therebetween for the 
accumulation of bagasse. 

4. In a bagasse furnace, a hearth section hav 
ing a floor, a pair of complementary plate mem 
bers on said floor, each plate member having an 
upper Surface supported on flanges including an 
inner flange having a series of openings there 
in communicating with the interior of said plate 
member, said plate members being oppositely 
arranged with their inner flanges defining a 
floor area, therebetween for the accumulation of 
bagasse and being spaced apart at one end for the 
withdrawal of material from said floor area. 

5. In a bagasse furnace, a hearth section have 
ing a refractory floor, a pair of complementary 
metallic plate members on said floor, each plate 
member having a flat upper Surface supported 

3 
On Spaced leg flanges including an inner curved 
flange having a series of air discharge openings 
therein communicating with the interior of said 
plate member, said plate members being oppo 
sitely arranged. With their curved fanges defining 
a curved floor area, therebetWeen for the accus 
mulation of bagasse, 

6. In a bagasse furnace, a hearth Section hav 
ing a refractory floor, a pair of complementary 
metallic plate members on Said floor, each plate 10 
member having a flat upper Surface supported 
on Spaced leg flanges including an inner curved 
fiange having a series of air discharge slots there 
in communicating with the interior of said plate 
member, said plate members being oppositely are 
ranged with their curved flanges defining a Sub 
stantially elliptical floor area, therebetween for 
the accumulation of bagasse. 

7. In a bagasse furnace, a hearth section have 
ing a refractory floor, a pair of complementary 20 
metallic base plate members on said floor, each 
plate member having a flat upper surface Sup 
ported on spaced leg flanges including an inner 
curved flange having a series of upwardly tapered 
slots therein communicating with the interior of 25 
said plate member, said plate members being op 
positely arranged with their curved flanges der 
fining a substantially elliptical floor area, there 
between for the accumulation of bagasse and be 

5 

ing spaced apart at one end for the withdrawal 30 
of material from said floor area. 

8. A vapor generator comprising a setting, a. 
bank of vapor generating tubes Within said Set 
ting, a vertically elongated single pass furnace 
for burning bagasse having pairs of oppositely ar 
ranged refractory walls defining a lower hearth 
section and a superposed throat section arranged 
directly below a portion of said setting, one of 
said pairs of oppositely arranged refractory walls 
having upper portions converging to form a 
transversely elongated narrow throat and diverg 
ing above said throat to form a flaring cham 
ber of substantially less height and volume than 
the furnace portion below said throat, a refrac 
tory floor forming the bottom of said hearth Sec 
tion, an opening in one of said refractory walls 
below said throat for depositing bagasse onto 
said floor, means for introducing streams of 
combustion air through the walls of said hearth 
section, and an access opening in one of the walls 
of said hearth section at approximately the level 
of said floor. 

9. A vapor generator comprising a setting, a 
bank of vapor generating tubes within said set 
ting, a vertically elongated single pass furnace 
for burning bagasse having pairs of oppositely 
arranged refractory walls defining a lower hearthi. 
section and a superposed throat section arranged 
directly below a portion of said setting, one of 
said pairs of oppositely arranged refractory walls 
having upper portions converging to form a 
transversely elongated narrow throat and diverg 
ing above said throat to form a flaring chamber 
of substantially less height and volume than the 
furnace portion below said throat, a refractory 
floor forming the bottom of said hearth Section, 
an opening in one of said refractory walls below 
said throat for depositing bagasse onto said floor, 
combustion air inlet openings through the walls 
of said hearth section, and air casing surrounding 
said throat section and communicating with the 
air inlet openings to said hearth Section, and an 
access opening in said hearth section at approxi 
mately the level of said floor. 
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