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To all, whom it may concern: 
Be it known that I, EDWARD E. ROBERTs, a 

citizen of the United States, residing at Red 
Bank, in the county of Monmouth and State of 
New Jersey, have invented certain new and 
useful Improvements in Steam-Generators, of 
which the following is a description. 
The present invention relates generally to 

Steam generators and more particularly to 
that class of such generators of which Letters 
Patent No. 371,710, granted to me October 18, 
1887, is a type. 
The object of the present invention, among 

other things, is to provide a generator which 
Will rapidly generate steam due in a large 
measure to the rapid and effective circula 
tion, and also to afford provision for a thor 
ough cleansing of all the parts of the boiler, 
and to provide a structure that may be read 
ily and inexpensively renewed in each of its 
parts without necessarily wholly dismantling 
the structure. 
To this end the improved generator con 

sists of a structure constructed in the main 
of pipes or tubes in connection with a steam 
and Water drum with which the pipes com 
municate. Instead of arranging the tubes in 
the form of coils which may form the sides of 
the fire box as in my said patent, the tubes 
are arranged in gangs, the opposite ends of 
which are connected with headers, through 
which headers and the pipes the water circu 
lates back to the steam and water drum, by 
Which arrangement, while the water is sub 
jected to as great an area of heating surface, 
the danger of a too great frictional resistance 
in the pipes is prevented which would tend 
to prevent adequate circulation. 
The invention also consists in a header for 

the pipes adapted to an inclined arrangement 
thereof but which may, in itself, extend ver 
tically in line with the natural vertical wall 
of the generator so that the size of the grate 
is not unduly restricted; and it furthermore 
consists in certain details of construction and 
combinations of parts hereinafter fully set 
forth. 
The accompanying drawings illustrate a 

practical embodiment of the invention both 
in its preferred form and in various modifica 
cations thereof. 

In said drawings:-Figure 1 is an end ele 
vation of the improved generator, the front 
right-hand side down-flow pipe being broken 
away to disclose underlying parts; and Fig. 
1, is a detail vertical section on the line 1", of 
Fig. 1. Fig. 2 is a plan view of a portion of 
the same. Fig. 3 is an end view of a portion 
of the apparatus showing a modified connec 
tion of the header with the steam and water 
drum. Fig. 4 is an end view of a part of the 

55 

generator showing particularly a changed po 
sition of the cross pipes. Fig. 5 is a detailed 
sectional elevation of a slightly modified form 
of the header making provision for the coils 
of a super-heater without increasing the ex 
terior dimensions of the generator. Fig. 6 
is an end elevation of a generator showing 
a modified form of the cross and down-flow 
pipes and illustrating the steam and Water 
drum in duplex form, one over the other. Fig. 
7 is a similar view of another modification of 
the same parts with the duplex steam and 
water drum lying in the same horizontal plane. 
Fig. 8 is a side elevation of a modification of 
the structure shown in Fig. 1, the gangs of 
steam pipes extending longitudinally of the 
structure instead of crosswise. Fig. 9 is an 
end elevation thereof. Fig. 10 is a similar 
view of Fig. 9 showing the down-flow pipes 
arranged outside of the generator walls. 

Referring to said drawings it will be under 
stood that the generator is supported in the 
usual manner, upon a suitable base or founda 
tion; and in the main it consists of four Ver 
tically arranged pipes C, located substantially 
at the four corners of the generator, which 
pipes rise from the base of the generator and 
connect at their upper ends at the front and 
rear with a cross pipe C which in turn is con 
nected by a T c, with its steam and water 
drum D. Thus the vertical pipes C at each 
end of the generator are connected together 
by a crosspipe and thence with the steam and 
water drum. The connection of the cross 
pipe C may be made through the end of the 
steam and water drum as indicated in Figs. 
1, 2, 6, 8, 9 and 10, or the connection may be 
made through the shell of the drum from its 
under side as indicated in Figs. 4 and 7 and 
by dotted lines in Fig. 6; and in some cases 
where such a structure would not interfere 
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with the fire door, or where a single fire door 
is arranged centrally of the structure, the 
CrOSS pipe C may be entirely omitted and the 
Vertical pipes Carranged diagonally with re 
Spect to the vertical line of the generator (see 
dotted lines C* Fig. 1), and meeting in a sin 
gle union c' and thereby connected with the 
Steam and water drum. The generator also 
embraces a plurality of gangs of tubes E, the 
Opposite ends of which are connected with 
and open into headers FF, one of the head 
ers being in communication from its bottom, 
by a lower vertical tube e, with a longitudinal 
pipe G extending at the side of the generator 
between a pair of vertical pipes C; and the 
other header is in communication from its 
top, by an upper tube f, to a return tube g, 
entering the steam and water drum D, which 
return tube may lead straight to the drum or 
as shown by dotted lines may connect by an 
elbow with an inclined tube g, and in either 
case the return tubes will connect with the 
drum on a radial line with its central axis. 

In the structure shown in Fig. 1, the gangs 
of tubes E are arranged at an incline to the 
horizontal plane of the generator while the 
headers are arranged substantially vertical, 
and the alternate gangs of tubes are oppo 
sitely inclined so that the header of one gang 
is in communication by a lower tube e with 
the horizontal pipe G at one side of the gen 
erator, while the header of the next gang is 
in communication by a similar tube with the 
horizontal pipe G on the other side of the 
generator; and the headers F are likewise in 
colm munication at opposite sides of the gen 
erator by the upper tubes f, and return tubes 
9, With the opposite sides of the steam and 
Water drum. 
Owing to the inclination of the gangs of 

tubes E, with respect to the headers, their 
Connection with the headers will be at an 
angle, and in order to obtain the proper con 
nection between the gangs of tubes and the 

5 headers, and to permit the headers to stand 
Vertically, each header is stepped as shown 
in Figs. 1, 3, 5 and 8, so as to present seats 2 
for the tubes at right angles to the longitudi 
nal axes of the latter, which seats are angu 
larly disposed to the vertical axes of the head 
ers and thus make up the stepped or off 
Set formation of the header. This formation 
of the header also affords provision for the 
proper cleansing of each of the tubes of the 
gang and also of the header and connecting 
tube. 
The connection between the respective 

headers FF may be somewhat modified from 
that heretofore described. Thus in Fig. 3 
the header F is provided with a vertical hol 
low extension f with which the return tube 
g is directly connected, the said tube being 
angularly disposed with respect to the header 
and connected with the steam and water drum 
D on a line radial to its central axis; the said 
extension being provided as in the other form 
with an opening closed by a plug 10 for clean 
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ing the header and with an opening closed 
by a plug 16 for cleaning the tube g. In Fig. 
5, the lower portion of the header Fis pro 
vided with a hollow horizontal off-sete' which 
has direct communication with the tube e, 
the said off-set, having an opening closed by 
a plug 17 for cleaning the off-set and tube e. 
This form of header also provides a Space 
between the vertical side of the header and 
the wall or casing H of the generator for the 
coils of a super-heater I without unduly en 
larging the generator or its exterior dimen 
sions. 

Instead of connecting the pipes C direct 
with the cross pipes C as in Fig. 1, the con 
nection may be varied as is shown in Fig. 6, 
wherein each of the pipes C is connected by 
a union 20 with an angularly arranged pipe 
C, and the latter by a union 21 with the cross 
pipe C". In this construction the cross pipe 
is connected either by a T to the end of the 
steam and water drum D or to the shell of 
the drum at its under side, as indicated by 
dotted lines. In this case the drum D is slip 
plemented by a steam drum D'arranged ver 
tically above the drum D and connected there 
with by one or more connections D. 

In Fig. 7, the arrangement of the pipes C and 
C' is similar to that of Fig. 1; the Steam and 
water drum is in duplex form DD, both con 
nected with the cross pipe C and both con 
nected by a steam pipe 19 of the usual form. 

In Figs. S, 9 and 10, the gangs of tubes E, in 
stead of being arranged across the fire space 
as in Fig. 1, are arranged longitudinally with 
respect thereto. In this modification shown 
in Figs. S and 9, the steam and water drum 
D is in communication at its rear end by the 
cross pipes C" with vertical down-flow pipes 
C and at its opposite or front end with a simi 
lar cross pipe C". And in order to support 
the front cross pipe, small up-flow pipes C 
connect with the opposite ends thereof and by 
horizontal pipes G' with the pipes C at the 
rear of the generator. The pipes C might be 
replaced by any other suitable support for the 
front cross pipe, but when pipes are used it 
is necessary that the water should circulate 
through them. The gangs of tubes E are 
arranged with one exception, longitudinally 
above the grate and, as before, are connected 
with headers F E, the headers F being in com 
munication by vertical tubese with a horizon 
tal cross pipe G8 connecting the down-flow 
pipes C, while the headers Fare in communi 
cation by tubes f with the cross pipe C at the 
front of the generator; the inclination of the 
gangs of tubes being upwardly from the rear 
so that the highest part of the gangs of tubes 
will be at the front of the generator. The 
two gangs of tubes E at the extreme outside 
of the generator, one at each side, are inter 
posed in the same vertical plane with the axis 
of the down-flow pipes C and the up-flow pipes 
C, and their respective headers F are con 
nected with the horizontal pipe G', or with 
the down-flow pipes C, as indicated by dotted 
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lines in Fig. 8, and the headers Fare in com and for a like purpose the Tc, has an open 
munication with the up-flow pipes C9. This ing closed by a similar plug 3. Likewise the 
Construction presents gangs of tubes at the 
sides of the furnace as well as over the top of 
the Same. If the pipes Cand G' are omitted, 
the upper end of the headers F of the side 
gangs of tubes E will be connected by a tube 
at the front cross pipe as the others are, and 
in this respect the upper portion of the pipes 
C is to be considered the equivalent of the 
tubes f. 
Sediment pockets may be provided as usual 

in the corners of the generator at the base of 
each of the pipes C, but, I have found it ad 
Vantageous to place one in connection with 
each of the longitudinal pipes G, preferably 
centrally between the pairs of vertical pipes 
C. In Fig. 1" such a pocket is represented at 
J, SO that in the circulation of the water the 
impurities will be swept from opposite direc 
tions into the sediment pocket and thus eol 
lected therein, from which they may be dis 
charged by a blow-off (not shown) as is usual. 
As shown in the modification Fig.9, the sedi 
ment pocket is placed in the lower horizon. 
tal cross pipe G which connects the two rear 
pipes C together, giving the same results as 
in the arrangement shown in Fig. 1, so that 
in the circulation of the water the impurities 
Will be swept from opposite directions into 
the Sediment pocket and thus collected there 
in, from which they may be discharged by 
a blow-off cock (not shown) as is usual. This 
centrally arranged sediment pocket may be 
provided in the longitudinal pipes G, if pre 
ferred. 

In Fig. 10 a construction similar to Figs. 8 
and 9 is shown, so far as the arrangement of 
the gangs of tubes and pipes C, C' and G3 
are concerned. In this example, however, of 
the invention the pipes C are arranged out 
side of the generator case H so as to remove 
these pipes from the influence of the heat 
Within the generator case, and thus aid in 
effecting a more thorough circulation of the 
Water through them and prevent any evapo 
ration of the Water passing through them. 
The CrOSS pipes C at the front and rear of 
the generator may both be supported by the 
Walls in this case of masonry-of the casing 
H, and the front cross pipe C will terminate 
at the casing or the outside, the pipes C and 
lower cross pipe G not being present. In 
the structure shown in Fig. 8, the cross pipes 
C may be similarly extended into or through 
the masonry forming the side walls of the 
Casing and thus support the generator at 
those ends enabling the dispensing of the pipes 
Cand G'. 

In addition to the provision for cleaning 
the gangs of tubes E and their headers and 
connecting tubes, the other tubes and pipes 
of the structure may also be readily cleaned. 
Thus the elbows 22 uniting the cross pipes 
C with the vertical pipes C, each have hori 
Zontal and vertical openings closed by plugs 
3 affording the cleaning of each of the pipes; 

union 23 at the base of each of the pipes C connecting them with the longitudinal pipe 
G has an opening closed by a similar plug 8. 
The unions 20 and 21 of Fig. 6, also have 
openings closed by similar plugs 3 for clean 
ing the pipes C, C' and C. The unions 9 
connecting the tubes f and g also have open 
ings closed by plugs4affording access to each 
of those tubes. 
The pipe or tube connections throughout 

the boiler may be by screw threaded joints 
or by expanded joints as is obvious. 
No detailed description of the operation of 

the generator is deemed necessary as this 
class of generators is now well known. It 
may, however, be stated that the circulation 
of the water is from the steam and Water 
drum into the front and rear cross pipes C 
in opposite directions through those pipes to 
the pipes C, down those pipes and thencelon 
gitudinally through the lower pipes G. From 
the latter pipes the water passes upWard 
through the lower tubes e, into the headers F 
through the gangs of tubes E across the fire 
space to the opposite headers F, thence up 
Ward through the tubes f and by the return 
tubes g back into the steam and water drum 
D. In the longitudinal arrangement of the 
gangs of tubes E, Figs. 8 to 10, the circula 
tion is from the rear of the drum D into the 
rear cross pipe C", thence in opposite direc 
tions through said pipe and down the verti 
Cal pipes Cinto the lower crosspipe G, thence 
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by the lower vertical tubes e, into the head-, 
ers F, through the gangs of tubes E. longi 
tudinally over the fire space, into the oppo 
site headers F and by vertical tubes f into 
the front cross pipe C" to the front of the 
Steam and water drum. 
What is claimed is 
1. In a steam generator, the combination, 

With the steam and water drum, of the down 
flow pipe, the inclined gangs of tubes united. 
at each end in substantially vertical headers, 
the two upper cross pipes C' in connection 
With said drum, and four. vertical pipes C 
connecting with the ends of said cross pipes 
extending to the base of the generator, as set 
forth. 

I 5. 

2. In a steam generator, the combination. 
With a plurality of incline gangs of tubes E, 
Crossing each other within the fire chamber, 
headers F, F, for each gang of tubes, two longitudinal pipes G, connecting pairs of pipes 
Cat front and rear, vertical pipes e, leading 
doWn Ward from one header of each gang of . 
tubes to connection with said longitudinal 
pipes, Vertical pipes f, leading upward from 
the opposite headers, and return tubes g, 
leading from said pipes f, to the steam and 
Water drum, all substantially as and for the 
purpose described. 

3. In a steam generator, the combination. 
With the steam and water drum, and circulat 
ing pipes, of the gang of tubes united at their 
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opposite ends in headers and interposed be- name, in the presence of two witnesses, this 
tween the drum and circulating pipes, one of 22d day of May, A. D. 1891. 
the headers having a horizontal off-set pro- - ERTS viding a Space above it and between the head- EDWARD E. ROBERTS. 

5 erS and the generator casing for the super- Witnesses: 
heater coils, substantially as described. GEO. H. GRAHAM, 

In witness whereof I have hereunto set my N. MARLER. 

  


