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UNITED STATES PATENT OFFICE,

OREL D. ORVIS

, OF CHICAGO, ILLINOIS.

DOWNDRAFT-FURNAGE.

SPELIFICATION fermmg part of Letters Patent No. 633 271, dated September 19 1899

Applleetlen filed October 31,1898, Serial No., 695,039.

(No model.)

To atl whom it may concern:

Be it known that I, OREL D. ORVIS, a citi-
zen of the United States of America, and a
resident of Chicago, county of Cook, and State
of Illinois, have 1nvented certain new and
nsefulImprovementsin Downdraft-Furnaces,
of which the following is a specification, and
which are fully illustrz atedin the aecompcm y-
ingdrawings, forming a part thereof.

ThIS invention lelates to that eclass of fur-

naces in which there are employed both the |

- downdraft and the updraft, the upper set of

20

30

grate-bars being water-tubes and being con-
nected with the boiler by means of smtable
tubes, whereby a eneuletmﬂ* system is pro-
vided, and .the lower set of wrate-bars being

adepted especially to receive the droppings ef
unconsumed fuel from the upperset of grates.
The objects of the invention are to p10V1de
for the independent expansion and contraec-
tion of the water-tube bars, to provide im-

proved means for burning the fuel upon the

lowersetof grates, to prowde for the burning

various objects toprovide increased efficiency

“In the generation of steam.

A further object is to secure an 1mpr0ved
constrnetion, generally and specifically, of
furnaces of thls type and to adapt such a

furnace to plants already installed.

These objects are attained by the various

parts and arrangement of parts hereinafter
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fully described a,nd which are illustrated in
the accompanying dra,wmﬂ's, in which—
Figure 1is a frontelevation of the furnace
and b011e1 a portion being broken. away to
show the 1ntema,1 cenetruetlon Kig. 2 is
a transverse vertical section inside of the
rear wall of the farnace, looking forward.
Fig. 8is alongitudinal vertical secmon on the
line 3 3 of Fig. 1. Fig.4isa detail plan on the
broken lme 4 4 of FIG‘ 3. Figs. 5 and 6 are
detail sectional views on the llnes 5 5 and 6
6, respectively, of Fig. 4. Fig. 7 is a detail
seetlon on the line 7 7 of Kig. 2 and Fig. S IS
a detail plan section on the lme 8 8 of F1
The face of the furnaee is shown at A 1133
side walls at A’ A’, its rear wall at A2 the
boiler at B, and a plate for closing the space
between the rear end of the boﬂer and the
rear wall of the furnace at A3,
form of boiler may be employed.

Any desired
I'show the

P

-ordinary tubular-flue boiler, and: it may be
assumed that the furnace shown in the draw-
ings is adapted to a boiler already installed.

A transverse partition a divides the furnace-

space below the boiler, generally speaking,

1nto a front and rear eompm tment, this pm-

tition extending entirely to the crown-sheet
of the boiler and from side wall to side wall,

flue-apertures being provided through it, as

hereinafter deseubed ~
The circulating system comprises a water-
leg C, connected mth the boiler B through
1ts rearward end and communicating mth a
horizontal pipe c, which leads to the Front of

“the furnace aud 1s connected by means of a
short vertical pipe-section ¢® with a header D,

which, as shown, is'in front of the face of the
furnaee

and through the paltltlon a, being bent at
this point, and continued on horlzenta,lly and

| connected with a header d, from the ends of
of the smoke, and in aecemph&hmﬂ' these |

which rise pipes B' E/, commumeatmw with a
header e, located acr oss and near the top of

the 1e&rward end of the boiler B and from .

which there extends a horizontal pipe I, which

is preferably continued, after entering the
~boiler, nearly to the front thereof, so that
while the water leaves the boiler at its rear-

ward end it is returned to its forward end,

thereby permitting the circulation not only
- through the pipe eystem but also through the
| be11e1 itself, while still admitting of the loca-

tion of both connections with the boiler atits
rearward end, avoiding the necessity of mak-

The watel -tube grate-bars E are
~connected with the header D, pass through
the furnace-front, being mclmed upwmdlv
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ing connectlons with 1ts curved walls. Pluws -

may be prewded as shown, at any of the an-
gles of the pipe system and in the headers op-
p081te the ends of the pipes connected thereto,
and for the purpose of gaining access to the
rearward end of the pipe ¢ it may be extend-
ed backw.erdly through the rear wall A2 as
shown at ¢

The water-tubes Eare preferably connected

| with the headers D d by the well-known

means of expanding, and I prefer to make

them of light metal, so that the heat is readily
transmltted the1ethtouﬂ‘h to the advantage
not only of the steam- ﬂ'eneratm qualities of
the furnace, but of the tubes themselves, in -
that they are much less liable to burn out
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- some of the grate-bars have
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than when thick tubing is used. DBy bending
the tubes E, as shown, I avolid the necessity
of resorting to the expedient practiced by
some of providing a telescopic connection
with one of the headers in order to provide
for expansion and contraction. The heat is
not uniformly applied to these tubular grate-
bars. Usually a stronger fire is maintained
near the central portion of the grated surface
than at its margins, and, furthermore, some
of the fuel may burn more sharply than other
portions. As a result of these conditions
a greater range
of expansion and contraction than others, and
it therefore becomes necessary to provide for

the variations in the lengths of these pipes

independently of each other. The bent form
of pipe shown accomplishes this object, as the
expansion of the tube slightly increases the
flexure,whileits contraction tends to straight-
en it, and hence each should adjust itself in-
dependently of all the others and without un-
due strain upon the headers. This vertical
movement of the water-tubes, due to their
flexure, is provided for by setting the ma-
sonry of the walls a somewhat open, as shown,
the bricks, however, staying the tubes later-
ally.

A farther advantage in employing the bent
form of tubular grate-baris found in the fact
that the grated surface may be given a more
decided piteh or inclination from the horizon-
tal than when straight tubes are used which
enter a header at the rearward end of the
fire-box, and as a result the direction of draft
through the grate 1s less objectionable than
when it is directed downward, and, further-
more, the vapors distilled are not obliged to
hug the lower face of the grate as they pass
backwardly, thereby choking the draft at the
rearward part of the fire-hox.

A still further advantage in the use of the
bent water-tubes as dlstmrrmshed from the
straight tubes entering a header at the rear-
ward end of the fire-box arises from the fact
that the flue-openings in the wall a may be
brought well up to the grate, so that it is
not necessary for the vapors to be carried
down any considerable distance fo gain an
entrance to these flues.

The lower erate consists of two sets of solid
bars 11 71, arranged the one slightly above the
other and set staggered—that is to say, the
bars of the one set alternating with the bars
of the other set. I am aware that the stag-
gered arrangement of grate-bars has been
employed in the upper grates of a downdraft-
furnace, but when so employed give rise to a
serious disadvantage in that the fuel has a
tendency to choke up the air-passages, and
heuce must be freely dislodged by the use of
a slice-bar. Bythestaggéred arrangement of

the lowerset of grate-bars, on the contraryv,a

decided advantage is gained. Usually little
or no air is passed upwardly through the lower
orate. 'T'he fuel usuallyreaches this grate in
a partially-consumed state and quite finely

-

subdivided. It is desirable that it accumau-
late on the lower grate and become coked and
be slowly consumed This process 1s pro-
moted by providing a series of pockets within
which it may accumulate, and I obtain such
pockets by the staggered arrangement of the
bars, msst of thet nel finding its way between
the bars H and resting dir ectly upon the bars
h. _Again, it is important that the surface of
the lower ﬂ'mte be well covered with fuel in
oraer Lhab whatever draft there may be
through it shall be uniformly distributed.
Unless direct feeding upon the lower grate is
resorted to the quantlty of fuel 1each1nn* the
same is comparatively small, and the arrange-
ment of grate-bars shown 1631111;5 in concen-
trating 113 byarranging itin rows between the
bars H. A still further advantage arising
from the staggered arrangement of the bars of
the lower grate 18 found in the fact that by
this arr ann‘ement the passages between the
bars may be made quite small, so as to pre-
vent the dropping thelethroun’h of the fuel
until it has been thoroughly cunsumed but
are twice as numerous as when a single set of
bars is used, and hence ample provision 1is
made for dr aft throu oh the grate when it is
desired to complete the combustlon of the
fuel by opening the ash-pit door. Such open-
ings may be provided in the face of the fur-
nace as may be desired forfeeding and dratt.
I show a door g, giving access to the chamber
above the upper grate, a door ¢', giving ac-
cess to the chamber between the two grates,
and a door g3, giving access to the ash- plt As
the grates extend continuously fromside wall
to :31de wall of the furnace, there will usually
be employed two doors for each of these
clmmbels

Two flue-openings are provided in the wall
a, leading from the chamber between the up-
per and lower grates, and arches & k' are
built 1mmedlately back of the wall @, one in-
closing each of its flue-apertures, these arches
being “continued backwardly a ‘considerable
dlstance and having their rearward ends
closed, as shown at k2. The arches k' are
Spaced a small distance apart, and near the

‘bottoms of their adjacent walls they are pro-

vided with apertures k% alternate bricks be-
ing omitted. The interspace K between the
two arches & /&' forms a combustion-chamber
or retort. There may be sprung across the
rearward end of this chamber or retort an
arch 4, which serves, together with the arches
k k', to support the header d. The precise
location of this header is immaterial—thatis
to say, the tubes E may have any preferred
length. The advantage of locating the header
a little forward of the rearward ends of the
arches &kt &' k*is found in the fact that the
plugs closing the apertures opposite the ends
of the tubes E are thereby protected from the
intense heat of the flame by the masonry.
The operation of the furnace is as follows:
Fires are started and maintained on both
orates. When the fire is well established,
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firing upon the lower grate may be discon-

tinued, the fuel therefor being su pplied from

the upper grate to better advanta 0@, 16 being

undeswable to. develop smoke from below 111'

large qua,ntltles The direction of the cur-
rents is downwar dly and backwardly and up-
wardly and backwardly, respectively, moving

1n lines which intersect as they enter the mix-

10
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ing-chambers inclosed by the archesk k'. As
the vapors enter these chambers longitudi-
nally and leave them through their ]&teral ap-
ertures; they are caused io swirl or roll and
become thoroughlyintermixed. Thewallsof
these chambers soon become highly heated,
and combustion is continued and increased
as the vapors enter and pass through them.
AS the two currents of burning gases emerge
from the apertures £° into the retort-flue K
they clash, and the most intense heat is-de-
veloped at this point. The thorough inter-

mixture of the gases and the high tempera-

ture attained result in complete combustion.
It will be seen that this maximum of temper-
ature 18 developed directly below the rear-

ward ends of the water-tubes E. The highly-
heated vapors for the most part ascend among
these tubes to the erown-sheet of the boﬂel
following it back toitsrearend. Such of the
vapors as pass out of the retort-filue K beneath
the arch k* also rise to the crown-sheet.

By the construction described all the ad-
vantages of a combined downdraft and up-
draft furnace are secur ed and the vapors are
thoroughly intermingled and burned before

they comeinto contact with the comparatively |

cool surface of the boiler and are directed
thereagainst when they have attained their
oreatest temperature. |

The combination of the mixing-chambers
with the central-retort combustion-flue are

- not dependent for their successful operation
- upon the arrangement or kind of grates em-
ployed, though the relation of all the parts as

shown and desecribed I regard as the most ad-
vantageous, the commodious chamber be-

- tween the upper and lower grates and the in-

50
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clination of the upper grate contributing to

the freedom of draft and the highest efficiency
of the mixing-chambers.

The alranwement of the pipe system has
positive advantages.
tubes eommumcatmw with the boiler throuﬂ'h
its end the connectwns are more easily zmd
cheaply made than when through the side
walls. The water is drawn from the boiler a
little above its lowest point, so that the sedi-
ment 1s not drawn into the pipe system.

of the tubes and headers are readily accessi-
ble for cleaning without disconnecting any of
them, and, as already explained, the Gontmc-
tion and expansion of any one or more of the
tubular grate-bars does not disturb the re-
mainder of the system or any part of it.

I claim as my invention—

Both egress and ingress

All

1. Inafurnace,the combination with a fire-
box, a wall, a, closing the rearward end of the
fire-box and having two flue-apertures, a downs-
draft-grate composed of water-tubes forming
parts of a circulating system, such tubes pass-
ing through the wall a above its apertures

i and being prolonged backwardly, and an up-

draft-grate below such apertures, of arches
inclosing such apertures and extending back-
wardly and being closed at their rearward
ends, said arches being spaced apart-and hav-
ing fiue-apertures at the bases of their adja-
cent walls.

2. Inafurnace, the combination with a fire-
box, a wall, a, closmﬂ the rearward end of the
ire-box and havmﬂ‘ bwo flue-apertures,a down-
draft-grate eomposed of water-tubes forming
parts of a circulating system, such tubes be-
ing inclined upwardly from their front ends
and passing through the wall a above its ap-
ertures and being prolonged backwardly in
a horizontal plane, and an updraft-grate be-
low such apertures, of arches inclosing such
apertures and extending backwardly and be-

ing closed at theirrearward ends, said arches

bemﬂ' spaced apart and having ﬂue -apertures
at the bases of their admcent walls.

3. Inafurnace, the combination with'a fire-
box, a wall, a, elosing the rearward end of the
fire-boxand having two flue-apertures,a down-
draft-grate composed of water-tubes forming
parts of a circulating system, such tubes pass-
ing through the wall a above its apertures
and being prolonged backwardly and enter-
ing a header, d, and an updraft-grate below
such apertures, of arches inclosing such ap-
ertures and extending baekwardly and being
closed at their rear wmd ends, said arches be-—
ing spaced apart and having flue-apertures
at the basesof theiradjacent Walls the header,

al

d, being supported upon the arches. |
1. In a downdraft-fur nace, the combina-
‘tion with a fire-box and a wall,
rearward end thereof and having a flue-open-
g, of a series of water-tube grate-bars ex-

tending from the front of the ﬁ1 e-box through

the wall a above the flue, such tubes bemﬂr
inclined upwardly in the fire-box and bent_
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a; closing the

Y10

downwardly back thereof, and water-headers

for receiving both ends of the tubes.
5. In a downdraft-furnace, the combina-

‘tion with a fire-box and a wall, a, closing the

rearward end thereof and having a flue-open-
ing, of a series of water-tube grate-bars ex-

tending from the front of the fire-box through

the wall a above the flue, such tubes belnﬂ'
inclined upwardly in the fire-box and bent
downwardly back thereof, the wall, a, being

115

20

apertured to allow the tubes to bow upwardly |

as they expand.
OREL D. ORVIS.
Witnesses:
E. G. WATROUS,

LoUuis K. GILLSON.
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