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To all whom it may concern 
Be it known that I, JOSEPH. J. BLACKMORE, 

a Subject of the Queen of Great Britain, re. 
siding at Newark, Essex county, New Jersey, 
have invented certain new and useful Im. 
provements in Heating-Boilers in Vertical 
Sections, fully described and represented in 
the following specification and the accom 
panying drawings, forming a part of the same. 
The present invention relates to a steam or 

Water boiler composed of vertical transverse 
Sections, and the improvements consist partly 
of the construction of the several sections, 
adapting them to perform special functions 
in a certain part of the boiler, partly in means 
for forming direct and indirect flues through 
the boiler and connecting them at pleasure 
With a smoke outlet; and other details. 
These improvements will be understood by 

reference to the annexed drawings, in which 
Figure 1 is a front elevation of the boiler. 

Fig. 2 is a side elevation of the same. Fig. 3 
is an elevation of the front section with one 
piece of the grate. Fig. 4 is a vertical section 
through one of the boiler-sections having the 
side flues divided transversely; Fig. 5, an in 
ide view of the rear sections; Fig. 6, a hori 
Zontal section of the boiler on linea, ac, in Fig. 
9, with the direct-draft damper opened. Fig. 
7 is a similar section with the damper closed. 
Fig. 8 is a sectional elevation on line y, y, in 
Fig. 6; and Fig. 9 is a vertical section online 
2, 2, in Fig, 6. 

Figs. 6 to 9 inclusive represent in diagram 
matic form seven flue sections arranged to 
gether in Series, with a front applied at one 
end and a rear plate and smoke box at the op 
posite end; and the constructive features of 
the Sections are shown in Figs. 3, 4 and 5. 
Each of the flue sections is of symmetrical 

shape, having water legs B at the bottom upon 
opposite sides, with space between the same 
for an ash pit C and fire box D, and a water 
arch E connecting the tops of the water legs 
over the fire box. 
The sides of the section are formed as water 

tubes F extended upward, continuously with 
the Water legs, to a steam arch G which is car 
ried across the entire top of the section, and 
is connected with the fire arch by intermedi 
ate Water tubes H. The water arch and tubes 
Hare of less thickness than the remainder of 

the section. When a series of such sections 
is secured together, as shown in Figs. 2 and 8, 
transverse spaces I are formed between the 
water arches, and vertical spaces I also ex 
tend from the water arches upward to the un 
der side of the steam passages in the arch G, 
and constitute a general combustion chamber 
between and around the intermediate tubes. 
The under sides of the steam arches G are 

exposed to the direct heat of the gases, over 
such spaces, which gases pass freely from one 
of such spaces to the other through the slots 
extending through the sections between the 

tubes H. 
The side tubes Fare separated from thead 

jacent tubes H by a considerable space, to 
form return flues J, J", J'; which are divided 
from the combustion spaces I', where neces 
sary, by means of flanges K projected from 
the front and rear sides of the tubes Hinto 
line with the edge of the Section and ex 
tended from the under side of the steam arch 
G. along the inner and lower sides of the flues, 
to the inner edge of the side tube F. 

It will be observed by reference to Figs. 3 
and 4that the water arch Ein each section is 
exposed to the greatest heat of the fire, and 
that the water tubes H which stand directly 
over the arch and connect freely there with, 
are adapted to convey the steam and heated 
water without obstruction to the steam space 
in the top of the boiler. The side tubes F 
provide in like manner for the free return of 
the water (after the steam is separated there 
from in the steam arch G) to the ends of the 
water arch, such circulation being indicated 
in Fig. 4 by the arrows a'. I have found by 
experience that the free return of the water 
to the lower part of the boiler can only be se 
cured by the use of large passages, and Ithere 
fore make the side tubes of sufficient cross 
section to exceed the aggregate area of the 
intermediate tubes H, whatever their number. 

Four intermediate tubes are shown in each 
boiler section in the drawings, and these inter 
mediate tubes are shown in Fig. 6 of less ag 
gregate area than the two side tubes F. If 
the number of intermediate tubes should be 
greater, the aggregate area of the side tubes 
can be readily. increased by widening them 
upon the outer side, and I can thus maintain 
a larger channel for the downward movement 
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of the water than is provided for its upward 
flow. A nozzle for inlet pipe is formed near 
the bottom of each Water leg, and the return 
current from the radiators is admitted at such 
point. To provide for the free movement of 
such current upward to the water arch and 
the free passage of the fluid moving down 
ward in the side tubes F to the same point, I 
offset the side tubes outwardly at their junc 
tion with the water legs below the ends of the 
water arch. This construction produces an 
enlargement F of the water leg adjacent to 
the water arch, and the lower corners of the 
side flues J or Jare projected downward into 
such enlarged Space and serve to direct the 
current which rises from the water leg di 
rectly into the water arch, as indicated by the 
arrows a”. Such current is thus prevented 
from rising in the side tubes F, and the de 
scending fluid in such tube thus secures ac 
cess to the water arch more freely, as indi 
cated by the arrows a'. 
Each boiler section is readily formed in one 

piece with the necessary flanges K, by casting 
in the usual manner. 
sections are abutted as shown in Fig. 6, meet 
together and form a partition between the 
combustion chamber and the flues. 
The side flues are shown formed with hori 

zontal divisions or water bridges L (at the 
middle of their height) in the rear five sec 
tions in Figs, 4 and 9; such divisions being 
of the same thickness as the section, so as to 
form distinct flues J and Jabove and below 
such division. The front two sections, as 
shown in Figs. 3 and 9, have the side flues J. 
uninterrupted, and the flanges K are shown 
omitted from the rear flue sections above the 
divisions L, to form open connecting passages 
d, between the combustion chambers I and 
the side flues J, at the rear end of the flues. 
The boiler is closed at the rear end by a 

water plate M. With smoke passages N ex 
tended through the same coincident with the 
flues J, and a central aperture O coincident 
with the upper part of the combustion cham 
bers. 
An aperture M' is in Fig. 5 shown formed 

in the lower end of the plate to give access to 
the rear end of the ash pit, and such plate is 
in Fig. 2 shown closed by a door M. The 
outer side of the Water plate is provided with 
a smoke box P extending somewhat above the 
outlet O and provided near its upper end with 
a smoke outlet Q. 
The passages N are, as shown in Fig. 9, 

wholly above the water arches, and the smoke 
box thus possesses no direct connection with 
the firebox. As the passages N connect with 
the side flueS of the boiler, the smoke box is 
widened where it embraces such passages, but 
is contracted toward the top to lead the gases 
from both of the passages to the middle line 
where they are discharged to the smoke pipe Q. 
A damper R is fitted within the smoke box 

to close the aperture O at pleasure, and when 
closed permits the movement of the gases 

Such flanges, when the 
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from the passages N to the outlet Q. The front 
S is provided with a cleaning door S' to clean 
the several flues, and with a fire door T and 
ash pit door T'; and the several sections 
are connected at the top with a steam drum 
U by outlet pipes it, and upon each side at the 
bottom with feeding drums W by inlet pipes v. 
In Figs. 3 and 8 grate sections b are shown 

extended across between the Water legs, form 
ing an ash pit below and a fire box above the 
grate. Each grate section is formed at oppo 
site ends with horizontal pivots c c' which are 
fitted at one end to a socket e upon the inner 
side of the water leg and at the opposite end 
to a sloping slot e' inside the opposite Water 
leg. - 

The grate, adjacent to the socket e, is pro 
vided with a downwardly projecting arm 
having a crank ping projected toward the 
water leg; and a raking bar h, provided with 
a hole to fit loosely upon each of the crank 
pins, is extended along inside the Water legs 

75 

f 85 

and projected through the front S where it is 9o 
coupled to a hand-lever S. " . 
The handle serves to rake all the grates si 

multaneously, while the sloping character of 
the slots e' renders each grate section readily 
detachable by lifting its pivot from the open 
slot, as shown in Fig. 4. When thus lifted, 
the angular position assumed by the armf 
withdraws the crank ping from the hole in the 
raking bar h, and in like manner the intro 
duction of the grate pivots first into the socket 
e and then into the slot e' serves to introduce 
the crankpin into connection with the raking 
bar, so as to be actuated by the same. 
The boiler operates as follows:-The burn. 

ing gases generated in the fire box D rise 
through the spaces I between the Waterarches 
and ascend through the combustion chambers 
I' above the same into immediate contact 
with the under side of the steam arches G.; 
being prevented by the flanges Kfrom admis 
sion to any of the side flues except at the rear 
part of the boiler where the connecting pas 
sages d permit the entrance of the gases to the 
upper return flue J. The diagrams in Figs. 
6 to 9 inclusive show the movement of the 
gases of combustion when the damper R is 
open or closed, Figs. 6 and 8 showing the 
damper open and the gases thus permitted, 
as indicated by the arrows n, to pass directly 
from the combustion chamber formed by 
spaces I to the smoke outlet Q without enter 
ing the side flues. To still further use the 
heated gases, I use an indirect draft by clos 
ing the damper, as shown in Figs. 7 and 9, 
thus throwing the gases, as indicated by the 
arrows n', first into the upper side flues J and 
thence through the flues J* into the lower side 
flues J. From the latter flues they pass 
through the passages N in the rear plate M, 
and through the smoke box P to the smoke 
outlet Q. By such an indirect passage the 
gases are held a long time in contact with the 
water tubes of the boiler, and the heat is thor 
oughly abtracted from the gases, 
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The term “transverse' is applied herein to 
the sections, as extending across the boiler 
from side to side; but the term “transverse’ 
when applied to the flues J, J' and J°herein, 
is in their relation to a single section; the pas 
sages J, J and J being transverse to each 
section and forming, when the sections are 
combined together, flues which extend from 
the front to the rear of the boiler. 
From the above description it will be seen 

that the movement of the water through the 
different tubes of the boiler is strictly in 
accordance with natural laws, as the tubes 
H, which are provided for upward circula 
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tion, are over the hottest part of the fire, 
and are surrounded by the flames from bot 
tom to top of the tubes. The spaces I and I' 
encourage the combustion of the gases up to 
the under side of the steam chambers G. The 
combustion is not however carried on in the 
flues J, but the heated gases continue to give 
out their heat to the water therein, and as the 
gases cool, they move naturally downward 
through the flue passage J into the lower re 
turn flue J'; which, as the gases have already 
discharged much of their heat, is at a lower 
temperature than the flues J. The water in 
the tubes Foutside of the flues J, J is there 
fore in contact with surfaces much cooler than 
the tubes H, which naturally induces a down 
ward movement of the water in the tubes F. 
The return fluid entering the bottoms of the 
water legs is also guided upward into the hot 
test pipes H by a natural operation of the 
heat, as the inner side of the Water leg is 
heated by its proximity to the ash pit and ra 
diation from the under side of the grates. 
The return fluid first strikes the inner side of 
the water leg, which is much hotter than the 
outside; and as the water rises in contact 
with such heated surface it flows naturally 
into the highly heated water arch E, instead 
of rising in the tubes F, in which, as well as 
in the outer side of the water leg, the colder 
fluid tends to descend. The separation of 
these different currents is clearly indicated 
in Fig. 4 by the arrows a showing the rising 
of the hottest fluid, the arrows a showing the 
descent of the water in the tubes F, and the 
arrows a showing the movement of the water 
from the Water legs into the water arch. The 
operation of the boiler is thus in strict accord 
ance with the laws of nature, and is adapted 
to secure the most active circulation, and con 
sequently the most rapid abstraction of heat 
from the metallic surfaces adjacent to the fire. 
The rear plate M is shown connected with 

the steam drum U and the feed drums V, 
like the flue sections of the boiler; and such 
construction prevents the useless radiation 
of heat from the rear of the boiler, as the Wa 
ter in the rear plate absorbs some heat from 

65 

the gases. 
It is obviously immaterial to the operation 

of the boiler whether the rear plate be pro 
vided with water spaces or not. 

It is obvious that the capacity of the boiler 

may be varied at pleasure by uniting a suit 
able number of the sections together, and se 
lecting for the front sections those with the 
continuous side flue J, for the intermediate 
sections those with the divisions L and par 
tition plates K, and for the rear sections those 
having the partition plates omitted to form 
the open passages d connecting the combus 
tion chamber with the upper ?lue J. 
Seven sections are shown united together 

in the drawings, the front two sections con 
taining the flue J, and the flanges K being 
disposed to form between the rear section 
and the plate M two passages d at each side 
of the boiler, in addition to a corresponding 
passaged; but the number and arrangement 
of the sections may be varied in any desired 
proportion. The capacity of the boiler may 
not only be varied by the use of such sections 
but all the sections necessary to form the 
boiler, excepting the rear plate, may beformed 
from a single pattern, with slight modifica 
tions. This will be readily understood by 
reference to Figs. 3 and 4, where it will be 

to 

75 

go 

seen that the front section shown in Fig. 3 
differs only from the intermediate section 
(shown in Fig. 4) by the division L and flanges 
K; and the intermediate sections, as shown 
in Figs. 6 and 9, differ only from the rear 
sections in respect to the flanges K. These 
differences are readily produced when mold 
ing the castings, by the application of suit 
able division pieces and flange pieces to the 
pattern for the front section shown in Fig. 3, 
and a suitable, modification of the core which 
makes the section hollow. The construction 
adopted thus offers many advantages both in 
the construction and operation of the boiler. 
The arrangement of the flanges K in my 

construction differs from any with which I 
am acquainted in respect to their extension 
upward to the steam arch upon the inner side 
upon a smoke flue, which wholly excludes the 
outer sides of the boiler at the top, from the 
combustion chamber. 
I am aware that it is common to make ver 

tical boiler sections with the outer edges of 
greater width than the water tubes inside 
the same, and I do not therefore claim such a 
construction broadly. 
Having thus set forth the nature of the in 

vention, what is claimed herein is 
1. In a steam boiler composed of vertical 

transverse sections, a front section having 
the water legs B with provision for the fire 
box D between the same, with the steam arch 
G at the top of the section, and water arch E 
connecting the water legs over the fire box, 
the water tubes F at the sides of the section 
with the transverse flues J adjacent, to the 
Same, and intermediate water tubes of less 
thickness than the section, and provided with 
the flanges K extended downward upon the 
inner side of the flues from the steam arch 
to the Water arch and side tube F, and oper 
ating to exclude the outer sides of the section 
at the top from the combustion chamber 

95 

OO 

..I 25 



5 

O 

25 

35 

45 

55 

fo 

4 

around the internmediate water tubes, sub 
stantially as set forth. 

2. In a steam boiler composed of vertical 
transverse sections, the intermediate section 
having the water legs B with fire box D be 
tween the same, with the steam arch G at the 
top of the section, and water arch E connect 
ing the water legs over the fire box, the water 
tubes F at the sides of the section with upper 
and lower transverse flues J, J, adjacent to 
each of the tubes F, and the intermediate Wa 
ter tubes H of less thickness than the section 
provided with the flanges K extended down 
ward upon the inner side of the flues from the 
steam arch to the water arch and side tube F, 
and operating to exclude the outer sides of 
the section at the top from the combustion 
chamber around the intermediate water tubes, 
substantially as set forth. 

3. In a steam boiler composed of vertical 
transverse sections, the section having the Wa 
ter legs B with fire box D between the same, 
with the steam arch G at the top of the sec 
tion, and the water arch E connecting the wa 
ter legs over the fire box, the water tubes F 
and vertical intermediate tubes H connecting 
the steam and water arches, the flues adja 
cent to the tubes F with ribs Kextended from 
the steam arch downward upon the inner side 
of the flues to the Water arch and side tubes 
F, and operating to exclude the outer sides of 
the section at the top from the combustion 
chamber around the intermediate water tubes, 
and the lateral enlargement F of the water 
leg upon the outer side of the section below 
the water arch, as herein set forth. 

4. In a steam boiler composed of vertical 
transverse sections, a section having Water 
legs with fire box between the same, a water 
arch connecting the Water legs over the fire 
box, a steam arch extended across the top of 
the section, side tubes and intermediate tubes 
forming side flues and intermediate flues 
through the section, and the lateral enlarge 
ment of the water leg adjacent to the water 
arch, with the outer corners of the side flues 
J", J', extended partly over the water leg to 
divide the water currents, as herein set forth. 

5. A sectional boiler comprising a series of 
vertical sections having water legs B with the 
fire box D between the same, and the water 
arch E and steam arch G connected by verti 
cal water tubes F and H, side flues adjacent 
to the outer tubes F with horizontal divisions 
in certain of the flues forming the same into 
double return flues J, J', and the front sec 
tion having the side flue continuous between 
the water and steam arches, forming the ver 
tical connection Jat the frontend of the flues, 
and a suitable slnoke outlet being provided 
from the rear end of the lower return flues, 
substantially as herein set forth. 

6. A steam boiler comprising a series of ver 
tical transverse sections having each the op 
posite water legs B connected by the water 
arch E, and formed with a steam arch G 
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across the top of the section, vertical side 
tubes F and intermediate tubeSH forming di 
rect flue and double return flues J, J, J, the 
lateral enlargement F of the Water legs at 
the ends of the water arch, the said sections 
being combined with a front having suitable 
doors and with a rear section having passages 
connecting the direct and indirect flues with 
a smoke outlet, and provided with a damper 
to close the direct flue, as herein set forth. 

7. A steam boiler comprising a series of ver 
tical transverse sections provided each with 
the water arch E, steam arch G, vertical side 
tubes F and intermediate tubes H, with flanges 
K forming direct flue and double return flues 
J, J, J, adjacent to the side tubes, a front 
having suitable doors, and the rear water 
plate Mhaving the external smoke box P, and 
provided with the direct draft passage O, the 
damper R for closing the same, the indirect 
draft passages N below the same and above 
the level of the water arches, and the smoke 
outlet Q arranged above the damper, as herein 
set forth. 

8. A steam boiler comprising a series of ver 
tical transverse sections, having each the op 
posite water legs B connected by the Water 
arch E and formed with steam arch G across 
the top of the section, vertical side tubes F 
and intermediate tubes H forming direct flue 
and double return flues J, J, J, the Water 
legs having a space for ash pit and fire box 
between the same, and having the socket e 
and the sloping slots eformed in halves upon 
the inside edges of adjacent opposite water 
legs, and the said sections being combined 
with a front having suitable doors and a rear 
Section having passages connecting the direct 
and indirect flues with a smoke outlet, sub 
stantially as herein set forth. 

9. A boiler comprising a series of vertical 
transverse sections, having each the opposite 
water legs B connected by the water arch E, 
with space for ash pit and fire box beneath 
such arch, certain of the water legs being pro 
vided with socket e and the sloping slots e' 
inside the opposite water legs, the series of 
transverse grate sections b with pivots fitted 
detachably to such slots and sockets, and pro 
vided each adjacent to the socket e with the 
arm f having ping projected toward the Water 
leg, the raking bar h fitted loosely and de 
tachably to such pins and held thereon by a 
suitable guide, and the pin being automati 
cally detached from the bar as the pivot c' is 
raised in the slote', as herein set forth. 

10. A steam boiler comprising a series of ver 
tical transverse sections, having each the fol 
lowing elements, namely, opposite Water legs 
B with Water arch E forming a fire chamber, a 
horizontal steam arch G at the top of the sec 
tion, vertical side tubes F and intermediate 
tubes H with the water arch and intermediate 
tubes of less thickness than the remainder of 
the section to form combustion chambers I'be 
tween the sections, side flues in certain of the 
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sections at the rear part of the boiler having 
horizontal divisions L forming the same into 
double return flues J, J', with vertical connec 
tion J at the forward end, and the interme 
diate tubes H adjacent to such flues being 
provided with the flanges Karranged to cut 
off the lower return flue J', the connection J, 
and the front portion of the upper return flue 
J from the combustion chambers, and a suit 
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able Smoke outlet from the lower return flueS, Io 
substantially as herein set forth. 
In testimony whereof I have hereunto set 

my hand in the presence of two subscribing 
Witnesses. 

JOSEPH. J. BLACKMORE. 
Witnesses: 

NICHOLAS E. PETERSON, 
THOMAS S. CRANE, 


