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To all whom it may concern: 
Beit known that I, FRANCISH.RICHARDS, a 

citizen of the United States, residing at Hart 
ford, in the county of Hartford and State of 

5 Connecticut, have invented certain new and 
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useful Improvements in Traveling-Grate Fur 
naces, of which the following is a specifica 
tion. 
This invention relates to the class of fur 

naces described in Letters Patent of the 
United States No. 499,716, granted to Eckley 
B. Coxe June 20, 1893, in which a fuel-travel 
ing grate-mechanism is employed for carrying 
the fuel along in the furnace-chamber, and in 
which the fuel supported upon the grate is, 
during the traveling movement thereof, sub 
jected to air-blasts of varying pressures at 
successive points in the length of the furnace 
chamber. 
My present invention is in the nature of 

animprovement upon the invention described 
and claimed in my prior application for Let 
ters Patent in the United States, Serial No. 
523,865, filed September 24, 1894, to which 
reference may be had; the object of this pres 
ent invention being to provide an improved 
boiler-heating furnace of the class specified, 
in which the boiler to be heated is of such a 
nature and is so disposed relatively to the 
furnace-chamber, grate and air-blast appara 
tus with which said furnace is provided, as to 
constitute a deflecting-wall or lower roof for 
the rearward end of the furnace-chamber 
adapted for deflecting the rising gases of the 
later stages of the combustion-period each side 
the major axis of the boiler, mingling them in 
long streams each side the combustion-cham 
ber, and carrying them in opposition to their 
natural course of travelorina direction in op 
position to the direction of travel of the fuel, 
toward the forward end of the furnace-cham 
ber, and intermingling them with the gase 
ous products or combustible elements of the 
first stages of the combustion-period, or min 
gling them at a point above the ignition area 
of the fuel; also to provide means whereby 
the intermingled products of the first and 
last stages of the combustion-period will be 
deflected by incandescent walls at the for 
ward end of the furnace-chamber and carried 
forward in separated streams (through flues) 

through the water contained within the boiler, 
to thereby more effectively utilize the liber 
ated energy for heating the Water. 
In the drawings accompanying and form- 55 

ing part of this specification, Figure 1 is a 
sectional side elevation of a boiler-heating 
furnace embodying my present improve 
ments. Fig. 2 is a vertical cross-sectional 
view of the same taken in line a-a, Fig. 1, 
and looking toward the right-hand in said 
figure. 

Similar characters designate like parts in 
both of the figures. 
The furnace in connection with which my 

present improvements are shown is of the 
traveling-grate variety and somewhat similar 
to the furnace shown in the Patent No. 
499,716 herein before referred to. In the pres 
ent instance, however, the furnace is shown 
set for heating a boiler, B, beyond which boiler 
is the usual stack or flue, S, for discharging 
the gases after these have been used. 
The furnace shown in the drawings has the 

usual grate-mechanism chamber C in which 
is located a grate, designated in a general 
way by G, which is of the endless-grate 
variety, and which may be substantially the 
same as the grate shown in the patent here 
in before referred to. 
combustion-chamber, C, which is inclosed at 
its sides and ends by the usual side-walls 2 
and 4, and end-wails 3 and 5, respectively, 
and is provided with a roof, A, at the for 
ward end thereof. 
At the forward end of the furnace this is 

provided with the usual fuel-supply hopper, 
H, from which fuel is admitted to the fuel 
carrying run of the grate through the opening, 
5", which is contiguous or in close proximity go 
to the upper surface of said grate. In the 
form thereof herein shown, the endless grate 
which comprises the upper and lower runs 10 
and 11, respectively, the upper run of which 
constitutes the furnace-floor proper, is car- 95 
ried at the opposite ends of said runs by 
chain-wheels, 12 and 14, carried upon shafts, 
13 and 15, respectively, journaled in suitable 
bearings (not shown) secured to the side-walls 
of the grate-mechanism chamber; and as a 
convenient means for actuating said grate, 
the forward shaft 13 is shown (in dotted lines) 
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provided with a worm-wheel, 40, which meshes 
With a Worm, 41, on a driving-shaft, 42, jour 
maled in bearings, 43 and 43', which shaft is 
provided with a driving-pulley, 44, which may 
be driven from any suitable source of power 
(not shown). The hopper II will, in practice, 
be provided with a suitable cut-off gate for 
regulating the supply of fuel to the furnace 
floor or grate. 
As a means for supplying air to the fuel at 

varying pressures at successive points along 
the fuel-carrying run of the grate, an air-sup 
ply apparatus is provided, which air-supply 
apparatus may be of the same general con 
Struction as that shown in Letters Patent No. 
499,716, hereinbefore referred to, it consisting 
of a series of successive air-supply chambers, 
a, b, c and d, respectively, located below the 
fuel-carrying run, 10, of the grate, and hav 
ing the usual outlet openings contiguous to 
the fuel-carrying run of the grate. As a means 
for Supplying air to the air supply chambers, 
I have shown a pipe, P, in communication 
with one of said chambers, as b, which pipe 
may receive its supply from any suitable 
blower or air-pump (not shown), the other air 
supply chambers a, c and d receiving their 
supply of air from the chamber b through 
communicating valve-regulated openings in 
the side-walls of said chambers. The process 
of supplying air to the fuel at varying press 
lures, or at successively-reduced pressures at 
Successive points in the length of the fuel-car 
rying run of the grate, is or may be substan 
tially the same as the process described in 
Letters Patent of the United States No. 
499,715, granted to Eckley B. Coxe June 20, 
1893, to which reference may be had. 

In operation, the fuel is fed to each section 
of the grate at or before the time this reaches 
the first air-supply chamber, a, and is then 
carried along, maintained substantially in 
Statu, quo, over that chamber and the succeed 
ing chambers, b, c and d, during which period 
the combustible material of the fuel is con 
Sumed, the resulting cinder or ash being de 
livered over the rearward end of the grate 
into the ash-pit, 21, which ash-pit, in this in 
stance, constitutes a part of the grate-mech 
anism chamber C. In practice, the combus 
tion goes on, at One stage or another, through. 
out the entire length of the furnace, or the en 
tire length of the fuel-supporting run of the 
grate, the ignition taking place within a short 
distance of the point where the fuel falls upon 
the grate, or at that point near the forward 
end of the grate which is herein termed the 
“first combustion or ignition-area,” said fuel 
being completely reduced to cinder over the 
last chamber, d, of the series, or at that point 
near the rearward end of the grate which is 
herein termed the “last combustion-area.’ 

Heretofore it has been customary, in fur 
naces of this class, to carry the products of 
combustion from the first or ignition area, in 
the direction of travel of the upper run of 
the grate, toward and over the succeeding 
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combustion-chambers without material aera 
tion or intermingling of the products of the 
first, last and intermediate areas, or the pro 
ducts of the various successive stages in the 
combustion period, other than that which 
might accrue from forced contact of the gase 
ous products moving in streams in one and 
the same direction, as will be understood by 
reference to the Patent No. 499,715 hereinbe 
fore referred to; and in consequence, a con 
siderable percentage of effective energy has 
been lost, owing to the incomplete oxidation 
of the combustible elements from want of 
proper aeration. 
To facilitate the effective oxidation of the 

combustible elements and thereby secure the 
liberation of the maximum amount of energy 
to a given amount of burning fuel and in the 
shortest possible length of time, I have found 
that this can be done in traveling-grate fur 
naces by diverting the natural course of 
travel of the products of the later stages of 
the combustion period and causing them to 
travel reversely of the fuel-layer and inter 
mingle with the products of the first stages 
of the combustion period; in other words, by 
creating two oppositely-moving currents con 
prising the combustible elements and inter 
mingling said elements in the area above the 
fuel-carrying run of the traveling grate. As 
a convenient means for accomplishing this 
end, I have provided the furnace-chamber, 
at the upper forward end thereof, with a 
boiler, B, having a series of hot air tubes or 
flues, B, extending through the same from 
end to end, which tubes communicate at the 
forward end thereof with the furnace-cham 
ber and at the rearward end thereof with the 
fue S. This boiler, which is covered by the 
roof A', is so set between the side-walls of the 
furnace-chamber that the lower depending 
portion thereof, or the lower half of said 
boiler, lies in a horizontal plane approxi 
mately midway between the grate G and the 
heat-radiating roof A of the furnace-chamber 
and constitutes an interiorly-convexed de 
flecting lower-roof for the rear portion of the 
furnace-chamber, or that portion of the fur 
nace-chamber in the rear of and adjacent to 
the ignition and high-combustion areas of said 
chamber. This organization provides, SO to 
speak, a reverberatery-chamber at the rear 
ward end of the furnace above the grate, hav 
ing passage-ways at the sides thereof which 
are relatively high as compared with the mid 
dle portion of said chamber. Thus it will be 
seen that the rising gases inherent to the last 
stages of the combustion period will be de 
flected by the convexed roof (i.e., the lower 
portion of the boiler), sidewise, where they 
are intermingled in long streams each side 
the longitudinal center of said reverberatory 
chamber and are carried forward to and are 
intermingled with the gaseous products of 
the first stages of the combustion period near 
the extreme forward end of the furnace-cham 
bef, whence they rise upward and pass in 
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separate streams through the flues of the 
boiler B, and thence are delivered, after use, 
into the flue S at the rear end of said boiler. 
This organization of the several features 

of the furnace herein described insures a very 
thorough and effective mingling of the sev 
eral air-supplies and the effective oxidation 
of the Several portions of the furnace gases, 
and also permits the effective utilization of 
the relatively high temperature of the later 
stages of the combustion period, not only for 
heating the boiler which it first affects, but 
also for heating and igniting the fresh fuel 
as it is delivered to the grate, bypassing over 
the same and intermingling the products of 
the later stages of combustion with the gase 
ous products at the ignition area of the fur 
nace, after which the combined energy lib 
erated by the intermingling of the gaseous 
products of the first and last stages of the 
Combustion is utilized within the flues of the 
;???? for heating the water surrounding said 
leS. 

Having thus described my invention, I 
claim 

1. In a furnace of the class specified, the 
combination with the fuel-traveling grate; 
and with the air-blast apparatus located un 
derneath the fuel-carrying run of said grate, 
and comprising means for supplying air to 
the fuel at varying pressures at successive 
points in the length of said grate, to thereby 
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positively carry the products of combustion 
of the later stages of the combustion-period 
toward the rear end of the grate; of a com 
bustion-chamber located above said grate 
and having a relatively-high roof at the for 
ward end thereof extending over and above 
the ignition-area of the grate; and having a 
relatively-low depending convexed roof at the 
rearward end thereof extending over and 
above the rear end or low-combustion area of 
the grate, and adapted to deflect the products 
of combustion of the later stages of the com 
bustion-period and to carry them toward the 
forward end of the grate and thereby inter. 
mingle said products with the products of the 
first stages of the combustion-period, substan 
tially as described and for the purpose set 
forth. 

2. In a furnace of the class specified, in 
combination, a fuel-traveling grate, means for 

actuating said grate to impart a traveling 
movement to the fuel supported thereon, an 
air-blast apparatus comprising a series of air 
blast chambers located below the fuel-carry 
ing run of said grate and adapted for supply 
ing air to the fuel at varying pressures at 
successive points in the length of said grate, 
a combustion-chamber located above said 
fuel-carrying run and having a relatively high 
roof at the forward or ignition end thereof, a 
boiler located at the upper rearward end of 
said combustion-chamber and so disposed 
relatively to the grate and furnace-chamber 
as to form a relatively low depending convex 
roof for said chamber at the rearward end of 
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said chamber approximately midway between 
the relatively high roof of said chamber and 
the fuel-carrying grate and which extends 
longitudinally over a considerable portion of 
the rearward end of said grate, substantially 
as described and for the purpose set forth. 

3. In a furnace of the class specified, in 
combination, a fuel-traveling grate, means for 
actuating said grate to impart a traveling 
movement to the fuel supported thereon, a se 
ries of air-blast chambers located under the 
fuel-carrying run of said grate and adapted 
for supplying air to the fuel at varying 
pressures at successive points in the length 
of said grate, a relatively high combustion 
chamber located above the ignition-area of the 
grate, a relatively low combustion-chamber 
or reverberatory chamber located above the 
series of air-blast chambers at the rear end of 
the grate having its outlet into the relatively 
high combustion-chamber, and a boiler lo 
cated above the relatively low combustion 
chamber. and of such disposition relatively 
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thereto as to form a current-deflecting roof 
for said low combustion-chamber and having 
a series of hot-air outlet flues in communica 
tion at one end with the relatively high com 
bustion-chamber near the upper end thereof, 
said boiler extending over the grate-area of 
the later stages of the combustion period, Sub 
stantially as described and for the purpose 
set forth. 

FRANCIS H. RICHARDS. 
Witnesses: 

FRED. J. DOLE, 
FREDERICK A. BOLAND. 
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