' No.‘ez?osa. - ' ' - Pat‘ént'ed-}une 13, 1899.
“A. HEBERER o
METHOD UF AND APPARATUS FOR BURNING COAL IN FUHHACES WITHOUT SMOKE.

| (Apphcﬂ.tlun filed Sept. 28 IBDB)
- -(-H_n Hodel..) | | ) " o 2Shaet3-.——$hmat 1.

Fig).

L
75
7, J |
&
e 4 ]
A7 l ~ 25
L/, - Lo ' ! e e - = 24-
77 = =F. ]t H
| ISF S #*Wr\w%ﬂwﬂffm% VENZEES, NG nx-':mffnw ANERD -,
- v, S - Vz | - = "‘:; 3
d | . _ * ér”'.'-fn-"r"_ | G‘:
<@
= — — — = = Nx
Nez = — 5w R
2 — B 74 10, B.[ b L
=] e — ] S T 2
= S — ol A2 7% ’, | R
1 z = —\i-_—-- — —ﬂﬁ; = - D | 1 6- / _,f/ : .J
0-8. a f o - , RS
Q L 1 ' _ "y
o B 0 7 O . ’7"/}' 1 & j .
e Erroy e g = e e V .4_; I
== -
| 5 7 -_““—“E : | CG}‘ 9.
| = A 6.7 Z | /Mgl
> .__..'.__":"_“:“....... "'."_T"."...:.' | | _
.l | H,JJ.E D. _.19 -@_; @. . 7 -
. =H= 0 X ]

/0N @ U O
T %) ~F‘Lﬂmuﬁ L7 //ﬂ"nfﬁfﬁ\\ / /fqﬂfffﬂ;f/""_ ji';rimx‘&# h#fm_. //// HW')Z//;‘FW%W VoI .-- O T

Mnesses, TV 8 clwutho)z.

/ &64/'7-!

NoRmYS PTTERS, ’IH;.. LITHO., WASHINGTON, D.I <.



© MNo. 627,060. Patented June 13, |399
A. HEBERER.

METHOD OF AHD APPARATUS--FOR BURNING COAL IN FURNACES WITHOUT SMOKE.

- (Application filed E.ept 28, 1898 )
(Hu Hﬂdel ) |

| | 2 Sheets-—Sheet 2.
[

7]




~ Unrrep StaTes PaTENT OFFICE.

© ADAM HEBERER, OF ALAMEDA, CAIIFORNIA.

~ METHOD OF AND APPARATUS FOR BURNING COAL N FURNACES WITHOUT SMOKE.

'SPECIFICATION forming part of Letters Patent No. 627,060, dated June 13,1 809.
R " Application filed September 28,1898, Serial No. 602,107, o modeld S

- To all whom it may concern:
- Beit known thatI, ADAM HEBERER; & citi-

zen of the United States of America, residing |

in the city of Alameda, county of ‘Alameda,
& and State of California, have discovered and

invented certain new and- useful Improve- |

- ments in Methods of and Apparatus for Burn-
- . ing Coalin Furnaces without Smoke, of which
- the following is a specification. . - 4
ro This "invention relates to

- madein burningcoalin the furnaces of steam-

"boilers and in other Similar situations in the

arts and manufactures where heat is to be

. ‘generated and applied for various useful pur-
15 poses; and it relates more especially to a.
~'method or processof produciug an econom-
~ical combustion of all the erades of bitumin-

. ous and lignite coals without the production
of smoke. -~ e |

20

" of a bituminous character the escape of the
‘combustible’gaseous products in an uncon-

dueing the draft or current of. air from the
~_ash-pit, upward through the body of fuel to

volatile and gaseous compounds in the re-

30.

" gion of greatest heat, when and where they. . _ raly oL-alr thl | -
- | of fuel being controlled and regulated in vol--
ume or quantity i rom time to time as re-

“are generated and released from the solid por-

3 ¥ .

" tion of: the fuel, and by delivering and dis-
.. tributing air within the furnace above the
35 surface of the fuel in sheets or streams down-

" ward.against or in close relation to the com-

bustible products at’ varying. and opposing
angles under sufficient degree of pressure.to
 .canse theeurrents or streams of air to meet |
40 together-over the mass of fuel, and thereby | us of ne ruction 1 -
i - | and distributing air above and beneath the .
‘body of fuel on the grate-g nrfaceand forregit-

1ating from the outside of the furnace frem ¢

. cover the entiresurface of the mass, the quan-

tity of volume of ‘air so_ distributed being

properly regalated tosupply the required pro-

. portion or quantity.of ‘oxygen for the com-

45 plete conversion and combustion of the com- ..

- "

In: this process or oper-

{ions of-the fuel.

_ation thedesired result—that is, the effectual-

 eombustion of the volatile and gaseous com-
. o' pounds without the production of smoke—
* - dependsuotonly upon supplyingair in proper

I

improvements

SIOK L ~ { downward against or in close relation to the
 This invention is based on the discovery 1. surface of the mass of fuel at opposing an-

- have made that in the process.of burning coal

sumed or partially-consumed state can be pre-
-vented and a thorough combustion of such
products can be effected by excluding or re-

] oxygen, but also upon delivering and distrib:

uting the air in such intimate contaet withor .
relation to these combustible products. when 53

and where they are set free from the solid ~
| portions of the fuel that the oxXygen iscom-

pelled to mix and combine with these com-
bustible componnds- before they can décom-
pose or precipitate or condense In the solid: 6o
form of soot and thus produce smoke; and -
this mixing or mingling of the oxygen with

the combustible compounds must be effected
also while they are in suitably close relation

to the incandescent fuel.or in the region of 65

oreatest heat in order to secure the thorough -
conversion' of ‘the-combustible compounds -

‘into-earbonic-acid gas. ' My said invention,

based on this discovery, consists in introdue-
ing and distributing air in sheets or streams

"0

zles, so as to meet together above thesurfage.
of the fuel lying.on the grate-surfaceand ens ..

‘tirely cover the same and in regulating the 75

‘apflow of air through the body of fuel, also

in delivering and-distributing air under pres-

‘sure in sheets or streams downward toward
the:surface of the fuel at opposing angles, 8o
‘as to meet -together: over the surface of the

o
fuel and mingle-with the gaseous compounds

‘While they aré retained in the region of great-

ést heat, the updraft of air through the mass .

quired to maintain active ‘combustion of the

‘solid portions of the fuel and at-the same .
time to avoid forcing the combustible gases:

away from close proximity to the fael during
the operation.. R o

raviop.. . ... - go
The invention embraces also adeviceorap-
paratus of novel construction for delivering

time to time as requi red during theo peration

the -volume or quantity of air so adm.itted. |

above and béneath the fuel.

. . "

- Thefollowingdescription explainsat length
‘the nature of the said invention and the man-

ner in which I proceed to.carry out and per- -

form the same, reference: being had therein

10 the aecompanying drawings, formingapart.

~ quantity to furnish the necessary volume of | thereof; in which—-



5

- bustion of fuel in accordance with my said

5 - _, ' 627,080

_Figure i of the drawings represents in front |
clevation. a eonstruetion of eoal-burning f ur-
maco. for a steam-boiler adapted for the com- .

invention, the front of the furnace being re-

-moved toexposetheinterior. . This figure alsp

illustrates means for operating the air-reg-

lating valves fromacommonrock-shaft. Fig.

tO-

independently of each other from the outside

-, seetion, shewing in detail the construction of -
the standing sides of the { nel-trongh-and the ;
- water-circulating tubes. Fig. 4isanend view -

20

25
beneath the fuel-supporting surface upward |
.- through the mass of fuel to an extent or de-
‘gree sufficient to prevent the tco-rapid de-
~ eomposition of the eoal and the toc-rapid lib-

30

- mass; thereby holding them in the region of

35

. before they escape and are carried over the
‘bridge-wall. The apdraftshould be reduced

40

~ naceous or solid portions of the fuel and at

of air descending from above. The quantity

- existing from time to time in the operation |
~of the furnace, and as these are found to

55 rple .
ecurrents through the fuel will be indicated

turewith théoxygen and until there has been:

" would tend to foree or carry the gaseous prod- -

- naceoradull smoky appearance of the fame,
“and, on the other hand, the lack of a suffi-
6o

~surface at any time will be indicated by the

- *gondition of the ]ﬁm in the solid portions of

the mass. This supply of air from below -

- the solid portions of the fuel with the proper .

2 i3 a longitudinal section with parts of the
fuel-supporting surface and the air-troughs
broken away to show  internal parts. . This
view also represents 4 construction of mech-.
anism for regulating the two sets of air-valves

of the furnace. Fig. 3 is a side elevation on
-an enlarged seale, with parts in longitudinal

taken from theright-hand side of Fig. 3, show- -

1ng the front partly broken away and a por-
“tion of the grate-surface in section. Fig. 5
18 a vertical cross-section at x z, Fig. 3.

In carrying out this invention I exelude or
reduce the updraftor flowof air-currents from

eration and movementof the volatileand gase-
ous -elements away from the incandescent

greatest heat for effective contact and mix-
effected a complete combination between

these .combustible elements and the oxygen

and regulated to furnish a suiiable propor--
tion of airfor maintainingactive combustion
‘and an incandescent condition in the earbo-

the same time to'avoid such a degree of up-
ward pressure through the mass of fuel as

ucts out of the region of greatest heat while
meeting and becoming mixed with the streams

“of air admitted under the mass of fuel is de-
termjned and regufated by the conditions

vary during combustion the supply of air
18 to be varied to mee$ the conditions.  An -
excess . or surplus of upwardly-flowing air-

by the presence of smoky vapors in the fur-

cient qu antity_ of airadmitted underthe grate-

should be the least quantity that will supply |{

one-half that pressure. | B
The best amount or degree of pressure to
maintain in the furnace at-any time will be
readily ascertained by inspecting the condi-
tions of the combustion going on in the fur-
nace. -Asthe volume of volatile and gaseous
compounds set freefrom the fuelis constantly
varying, it will be necessary to regulate the

volume of oxygen for combustion of the solid

pheric air in sufficient volume to supply the'

required proportions of 'oxygen is introdnced
also and distributed from above the mass of

fuel in sheets or streams downward toward
the surface of the fuel at varying and oppos-"

20

ing angles from opposite directions, so as to -

mosphere that the streams coming from op-
posite directions will meet together over the

they are in close relation or proximity to the
incandescent fuel in what is herein desig-

‘nated as the ‘‘region of gl*eé_tt-est heat.” Ordi-

narily a pressure of one ounce to the square

inch above atmospheric pressure will be the
| greatest that will be required, and in some

cases I have secured excellent results with

pressure and the volume of air so distributed

the burning gases and heat products over the
bridge-wall and underthe boiler without a too-

rapid upward movement of the unconverted .

or partially-consumed gases away from the

porting surface, with air-distributing slits.or

apertures extending longitudinally over the
fuel from front to rear of the furnace, set'at
about eighteen (18) inches apart widthwise |
of the furnace and about twelve (12) inches

above the fuel-surface, the air being supplied

to these outlet-apertures at between one-half

| meet together over the fuel and cover the sur-
face from front to rear and from' side to side.
of thefurnace. Theairisforeed throughslits
or apertures inclining downward at ‘the re-
quired angle, as before described, and under
| such degree of pressuré above that of the at-

75

30

‘mass of fuel and be brought in intimate con-
tact with the volatile and ‘gaseous elements
from the bituminous portions of the fuel while

.90

95

100
-above thefire; but as low a degree of pressure
must be employed as will produce the desired

| effect and will insure the free circulation of

10§

‘sarface of the fuel. . I have obtained good re- -
sults in afurnace of ordinary dimensions hav- -
| Ing about twenty (20) square feetof fuel-sup-’

110

I15

an ounce and -one ounfice pressure above that. -~

of the atmosphere. The conditions éxisting
in the furnace while the combustion is going
on, to be ascertained by inspection through.

the furnace-door, are the best guide in regu-

120 .

lating and varying the volume of air to secure

effective results, SR
- Intheaccompanying drawings I have illus-.

125

trated a construction of coal-burning furnace -

forareturn tubular steam-boiler which is spe-

cially adapted for the combustion of bitumi-

nous coal without smoke in accordance with
‘my said process. - . - .

- For the fuel—-supporting.sﬁi*fa'ee A, I ﬁSe,

130

either the ordinary grate-bars, Fig. 1, ora flat

_ perforated plate, Fig. 4, extendine from the
carbonaceous portions of the fuel. Atmos- |

front back to the bridge-wall W. This grate-
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sarface is

-

from the grate-surface.” ‘These partitions are

. .ﬂimilaflﬁ'f@nStruetedi_andaﬂdéta‘.iled'_dese’rip_-_

io

- tion of one willgerve forall. The wallsorsides |
of each- pa

irtition are constructed of a nam;

ber. of horizontal-water-tubids 1 1 and hollow
> hedds or box-like ‘ends. 2 2, substantially of
réctangalar shape, into which'the ends of all
‘the horizontal tubes are fixed.” “The top 2" of
the box end is' permanently closed, and .the
bottom is fitted with a-gridiron-valve formed
15 of a stationary slotted plate 5 and the grid-

iron-plate C, fitted toslide in grooves 6 in the

sides of the box. By

~ment of this plate the area of the inlet-aper-

box ends 2 2 are set;.
1ntervals-apart, and s between
_the tubes on the sameside are closed by plates

. bures is increased or diminished. R
. The water-tubes connected together by the
in two parallel. rows at

‘the. spaces between all

or tiles 7:7, laid against the tubes from the

outsidé with butt-joinls covering. the outer
sides of all the tubes, the plates being drawn

L N il:p:f_alld he]dto r_p] aceby ]Ql]g-" bolts 8 and 'H'Ht.s

9. 'Phe open space between the two top tubes

- isfilled by a block or tile 7* with curved.or re-
30 cessed sides to fit between the tubes. The
by the plates-or

30

~ hollow space thus ineclosed:

tiles 7* between the two tiers or rows of wa-

‘ter-tubes  farms an.air-chamber, into which

" air is admitted through the valve G in the.

35

.40

bottom, and from' this chamber "or space

outlets 10 for the air are made in the sides
of the partition by leaving. an open space
ety top tube and the next highest
- ‘tnbe in the tier on the same side of the par-.
tition, the aperture 10 ‘being made of suit-

between the

- ‘able form to deflect or turn the stream of air

at an angle toward the bottom of the trough.

A'plate 12 with-a curved edge is'set in the

top. part' of the hollow space projecting:
‘through the slits 10 and inclined downward,
- 80 that its concave side forms the roof of the.
- air-chamber. This plate is fastened by bholts.
13 against the bottom of the block. The

funetion of this plate is to deflect the outgo-

-ing eurrents of air toward the grate-surface,
- .and when properly placed it should give the:
air such an angular direction that the eur-.

‘rents or streams from the two opposing par-

- titions will meet together over the bottom of -
the trough and at all times above the top line:
or level of the fire, soas to confine, baffle, or . 1 . on the end
10 | of the rod and a pin on the lever. To this
proximity to the incandescent fuel. The an-
- gle or-degree of deflection of such air-cur-
rentsisregulated by giving thisplatea greater

55

 6o.1¢
| - orless degree of curvature. - The outlet-aper-
- tares 10 should also be situated below the

caping underneath the streams of air and so 1

hold the volatile and gaseous compounds in

lineof the opening at the rear over the bridge-
wall in order to prevent the volatile and gase-

ous produets as they are generated and re- |

leased from the surface of the fuel from es-

F \ce divided into several separate
troughs by npright partitions B B,rearried.
Erom the fronkof the furnace back to the rear |
~ end and extending perpendiemiarly upward

a longitudinal move-

from end to end.

~passing out over the bridge-wall and to com-

pel these combustible gases to mixand effect-
Ively combine with the oxygen of theair while

confined between the sides of the trough,
. 'I'hé water-spaces in the standing partitions

70

are connected into the circulating system of |

furnace behind the bridge:-wall and connect-

ed to.the hollow end of each partition by a
short pipeé or coupling 14, through which the
water is made to circulate through the lower.

the -boiler by a supply-pipe P, carried t rom
‘the feed-water pipe across the rear of the

75

onesof thehorizontal water-tubesto thef ronit. 8o

end and return through the upper ones to the

rear box or end of the partition, at which end
-an outlet-pipe 15 connects the water-space of
each partition with. a pipe leading into the
upper part of the water-space of the boiler.

Instéad of connecting: the water-spaces V in

valve R? being placed in the pipe R% This

‘arrangement of tubes forearrying the eircu-
| lation of the boiler-water through the water-
“Jackets of thetroughs isshown in Fig. 2. A
“horizontal partition 16 in the hollow end of
‘the partition above the water-inlet divides

‘the hollow space into an inlet side and an

outlet. side, and in this man ner a circil'la-;_t,iqn
of water is maintained through the water-

the hollowend 2 of thetroughs with the feed-
‘water pipe they can be connected into the.
~water-space of the boiler by carrying a pipe
R*from the lowest part of the water-space
downward behind and across the bridge-wall.
and:.coupling the inlet-pipe 14 to'it, a check-

90

95 '

oo

spaces of the standing sides of the ‘troughs :

supply of water. S .
To regulate the quantity of air admitted to

the fuel from below, that portion of the grate-

* __ A suitable valve Rf is ==
_'pla(_:ed in the Wai}er-pipe. for _regulatimg thﬁ o

105

surface between the standing sides of each

fuel-trough is boxed in or separated from the
ash-pit,rand in the bottom of thisbox D is set

I1I0

3 gridiron-valve formed of a stationary plate

17, having narrow air-slots, and the movable
piate K, simildrly slotted. This last-named

plate is fitted toslide in grooves 18 and is con-
nected by a rod orlink 19 with an arm 20on a
horizontal rock-shaft F, the ends of that shaft

115 -

being carried in-bearings in the side walls of.

the ash-pit. ' To a*hand-lever G outside the

furnace is connected the rock-shaft F by an

-arm 21, fixed on one end of the shaft, aud a
connecting-rod 22, pivoted to the end of the
arm and attached to the hand-lever by an

120

open connection formed of a hook on the end

same hand-lever the slide plates or valves C

that control the air-inletsin the bottom of the
standing partitions are connected by a com-
-mon rock-shaft H, having an arm 24 on the

outer end, from which a connecting-rod 25 is

_carried to the hand-lever G, an arm 23 being
ixed on the shaft I under each inlet-valve,
with a link or rod 26 conpecting that arm
‘with the slide-plate C.. This connection 26 is
composed of two sections anited by aturn-

I30 .



~ openings C over-that of the lower valve con-
~ trolling the admission of air into the box D' |
below the orate-surface.
of the hand- lever both valves are moved and
‘set to inerease or reduce the area of the two
air-inlets'C E, and by adjusting the points
~of connection ‘between the rods 22 25 and the

1O

(' of the lever the length of throw of oneslide
| -ovea:,the other is va r1ed a8 elreumeteueee are: |
found to require a greater or less increase in

~ the quantity of air mtrod unced above the fire.

over that admitted under the grate-surface.

The throw of the slides C E is varied by un-

5

buckle 27, so that the lead of the Valve can
-eoa] whieh consists in delivering air unqer

be. regulated to vary the area of the inlet-

- By one movement

lever G up or dowhn with respect to the pivot

~ hooking the rods 23 25 and shifting their
- points of attachment on the lever ap or ~dowi.
~ Either slide can also be adjusted independ-

20

2

> ently of the other by detaching froi the hand-
lever the rod of the slide thet isto be thrown |
- ouf ofaction.’
~into the ashspit 1s thus adnm;ted for distribu-
‘tion into the air-boxes D under the grate-
surface throuﬂ'h the inlets'E, and elee into
- the standing p&l‘tltli)n‘:‘{ throurrh the inlet C.
 The supply ofmr under lequlred pressure 18

Theair bemﬂ‘ introduced first

“maintained by connecting the air-space in the

30

~ash-pit'with an air- blower or other suitable
apparatus, such as'a pressure-fan, by means.
~of an air-pipe I, carrled thmuﬂ'l] the side of

- the furnace.

- what I elalm therein as new, and deel re 130 se—-

'35

40

‘Having thus fully deecl 1bed my 111ventmn

cure by Letters Patent, 18—
1. The improvement in the combuetlon 0{_'

coal, which consists in dehvermw and dis-
| tl'lbutmfr airinsheets atvarying antrles down-

ward over the mass of fuel and in clese reia-

‘tion to the surface thereof and S0 as to cover
and in ieﬂ'llla,tlll“' the flow of air:

the surface;
upward threuwh the fuel- su pportm# sur faee
as l'eqmred |

angles downward from epposwe directions
over the surface of the fuel, so as to meet to-
cether and cover the en‘rfue surface of the
mass of fuel;
neath the fuel-st: i)pOl‘tlﬂ“Slll‘f&CG émd means - -
6o -

face of the fuel as deeenbed S0 as to cover
the surface thereof, air- -outlets beneath the

bottom of thef uel-—snpportmﬂ‘ surface, valves
adapted to control the air-delivering aper-.
-1 tures above and beneath the fuel-supporting

from the oufside of the fumace, as required.

The improvement in the combustion of
45
pressure in sheetsat varying a,mrles over the

mass of fuel and in close relatmn to the sur-
face thereof, so as to meet. together and cover

the entire mass of fuel; and in regulating the

flow of air { rom beneath up\mrd threuﬂh the. 50

fuel.

3. In a furnace for bul nmﬁ‘ ee&l the conl-
‘bination, with a fuel- supportmﬂ* em*faee, of

means for delivering air in sheets at varying
55

means for mtroducm# air be-

for regulating and varying at will from the

1outside of the Furnace duri ing the operation
| the quantity of air so dlstrlbuted above and- |

beneftth the mass of fuel."
4, Tn a fuma,ce for bur nm«:qu coal, the com-
bination of a fuel- -supporting su rface, hollow .

standing partitions dividing the fuel:surface
| into. fuel-troughs, air-inlets in the sfanding

partitions eonneeted with & source of supply |

1 outside the furnace, air- -outlets.in the sides of '
the standing partitions situated above the

70
surface of the mass of fuel h.cwmg inclined

throats adapted to deliver the air in sheets af

angles across the trough and toward the sur-

75

surface, and means for regulating said valves -
30
In testimony that I claim the foregoing I |
have hereunto set my hand and seal. |
- ADAM I[EI)ERER [L S. ]
Witnesses:
R JoHN A. IIOWARD,
JAMES L. -KING.
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