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Zo all wlzom zt may concern:

Be it known that I, Henry L. DOHERTY,
citizen of .the Dmtcd States, and a resident:
of New York city, in the county of New

York and State of New York, have mvented

certain new and useful Implovements n a
Gas-Producer, of which the follow:ng 1s a
specification.

This invention rélates to gas producers,
and, particularly, to apparatus of that char-
acter which is specially adapted to gasifying
fine or-slack coals. -

The object of my 1nvent10n is the furnish-
ing of an apparatus for the purpose stated
which will overcome the difficulties due to
the fine .character of the material and the
large percentage and | easy fusibility of the
ash of such coal.

In the acéompanying drawings, I show a
design’ of a producer embodying my inven-
tion although the construction of the pro-
ducer.may be conSIderably modified without

departing from the: prm(:lples involved in

my mventlon oL
Figure 1 is a vertlcal sectlon ‘through my -

gas producer on a plarne through the line |

Er of Fig: 2. Fig; 2 is a vertical section
through a plane at right angles to the plane
of Fig. 1, passing through- the line A B of
that ﬁoure ‘Fig. 3 is a vertical section
Fig. 4is a
plan. of the apparatus showmo' the blower
which supphes the air under pressure to the
injector. Figs. 5, 6 and 7 are detail views of
the gates closing; the poke holes.
The-construction and method of: operatlon-,

“of my invention:are as follows:

In the preferred form of my invention the
producer consists of a chamber of rectangu-
lar section 1, inclosed by thick walls 2 of
fire clay or other refractory material. An
outer .steel shell .3, .incloses the walls 2.
Cross-flues preferably, though not necessar-'
ily, of rectangular cross—sectlon, extend
across the gas-making chamber 1. - These are
set in tlus, the flues 4%, 4* and 4°-on adjacent
tiers. are set stavcered in ‘relation to each
other so that material sliding off the tops of

“the flues in the upper tier wﬂl fall upon and

be mtercepted by the codperating flues of the
lower tier. The upper group of ﬁues, which’

I will designate 42, occupy what may be

-an air nozzle 6, mductlon chamber 7, div
-gent-nozzle- dxscharge passage 8, mclosmb /5.

cglled the distillation or car bonizing zone of =
the gasifying chamber 1. The flues of mid-
dle group 4%, oceupy the upper: part of the 55
gas making zone while the lowest group 4¢ *
occupies the lower part of that zome. The .
parts 4" act simply as shelves and may be
made of flat tiles or made solid instead of =~
hollow if preferred. The parts 4* and 4°, on’ 60
the other hand, exercise two functions, one
of these is to act as intercepting shelves;the
same as 4° in order to prevent the fine coal
falling freely through the producer chai
ber, and the other is to furnish passagé for,
in the one case, the finished producer gas.
through the. Cal‘bOIllZlIlO' zone and, in the’
other, the draft current supphed for main:
taining combustion in-the producer throug
the gasxfymd zone of the latter.

An injector 5, furnishes'the 1 means for
troducing the draft current into the gas
ducing chamber 1. This injector comprises

box 9, an inlet 10 for dlétlllatlon gases,‘an.
inlet 11 for products of combustlon and ‘air”
and a supplementary -air inlet 12. 10;'is
connected by the ‘pipe 13, with ‘the opemno"
14, at the upper part of the carbonizing’ zone"s'o
of the gas producing chamber 1. A valve or’
damper 15 on-13 serves to regulate (in con--
nection with the air regulating valve 16;.0on
nozzle 6) ‘the volume of gas withdrawn from"_
the carbonizing zone and injected into the’
draft current. A pipe 18, having a valve 19,
connects the inlet 11 Wlth some source (not’

&5

~shown) of combustion gases. This source -
may be the exhaust from a gas engine; g -
“gas from a. furnace, gas from a: hme or ce-

ment kiln, ete.. A €ross- -flue 20, in the wall_
of the (‘hamber 1 receives the draft cutrent

“discharged from §, and dlstnbutes it'to the

several ‘lues 4° Wh05e interior passaoes are .-
in' communication with 20. The draft cur- 95
rent passes through  the flues 4¢ and dis-
charged intg a flue or narrow ¢hamber 21 in
the opposite wall of chamber 1, which corre-" -
sponds in position to flue 20. The lower part -
of 21 communicates with the passages or 10

“nostrils 22 through which the draft cur rent,

discharges into the chamber 1..
The draft current which I supply to main::

_tain combustion in my producer consists-of -



2

a mixture of air, products of combustion;
and the gases and heavy vapors distilled
from the raw coal in the upper or carboniz-
ing zone of chamber 1. When the fuel used
is bituminous in character heavy tarry va-
pors are distilled from the coal immediately

- after it enters the producer. In producers
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of the ordinary type this tarry matter being
distilled from the coal in the immediate
vicinity of the gas outlet from the producer
is immediately drawn off from the producer
in the gas current. When :the gas made is
burned’ in a boiler furnace, lime kiln or ce-

ment- kiln; etc., the presence of the tarry

vapors“is of no serious moment although
even in this case great annoyance is usually

~caused by the deposit of carbon and pitch in

the flues. When, however, the gas is to be
used in gas engines the removal of this tarry
matter is an imperative necessity. This en-
tails the use of more or less cumbersome and
expensive apparatus, and always occasions
serious irregularities and annoyances in the
operation of the gas engines and producers.
As will be seen, In the .gas producer which
is the:subject of this application, T avoid the
presence of tar and heavy vapors-in the gas
by providing-means for withdrawing the
distilled ‘matters independently of the pro-
ducer gas and injecting them into the bottom
of the gasifying chamber where they are
subjected to a sufficiently high temperature
to “crack” them. In fact, while this is not
an object of my invention, it is prebable that
the tarry vapors are consuined in passing
through the fiues 4° in the draft current, but
since the products of such combustion will
be reduced by.the incandescent carboneceous
matter resting on the tops of flues 4°, the
ultimate products from the tarry vapors
will still be the combustible hydrogen and
carbon monoxid. Owing to the faet that the
draft current contains a large proportion of
combustion gases and that the proportion of
distilled vapors is comparatively small the

-temperature developed within the flues 4;

would be quite moderate since the velocity
of combustion would be very low and there

would be a very large proportionite volume.

of inert gas to absorb the heat developed.
The purpose of adding combustion gas to
the draft current is to regulate and moder-
ate the temperature developed in the pro-

ducer to a point below the sintering tem-

perature of the ash of the fuel, as described
in my Letters Patent 829,105, dated Avgust
21st, 1906, and others. By using this method
of temperature control I am able to burn
even a very impure slack to a light powdery
ash which is very easily handled, and falls
from shelf to shelf until it falis into the
ash chamber 23, and can be withdrawn
through the ash door .24.

The slack coal is charged into the hbpper

1,086,717

25, provided with a cover 26. A plurality
of charging slots 27 are built in the top of
chamber 1, which are connected at the top
with semi-cylindrical casings ‘28, in which
work feed rolls 29. These rolls 29, have
longitudinal grooves 30, and axles 81, which
work in bearings 32. ‘Bevel gears 33, driven
from the shaft 34 cause the rotation of the
feed rolls. As the rolls revolve, the grooves

“occupying, momentarily, the upper surface

of the rolls fill themselves with the slack
coal. As the revolution of the rolls carries

each groove over the codperating charging

slot the slack discharges from the grooves
and falls through the charging slots 27, on
to the shelves formed by the upper tier of
cross-flues 4=

angle of repose it slides off and falls through
the open spaces between the flues onto the
tops of the next tier of flues. From this
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As the slack accumulates on
the shelf-tops of 4* and piles up above its:

85

position it is displaced, as before, and falls -

onto the tops of the next tier and so on to
the bottom. The draft current intreduced
through the nostrils 22, passes up the cham-
ber through the shower of falling coal and
over the layers of coal on the shelves, its.

free oxygen uniting with *".e carbon of the
fuel, while its water vapors and carbon-

dioxid are dissociated with the formation:of
carbon monoxid, and hydrogen and carbon
monoxid, respectively. ~ The  producer gas

ports 35 and enters thie flue 36. This flue,
36, acts as a cross-connection of all the flues

-4* which are in the tier imnedijately above
the discharge ports 35.  The producer gas

discharging through 35, heretcfore, passes
into that tier of the flues 4* and flows across

the chamber 1 and into the c¢ross-flue-37.in

the opposite wall of the chamber 1. 37
cross-connects the discharge ends-of this tier
of flues 4* and also the corresponding. ends
of the flues 42 of the tier next above.. The

90

95

leaves the gasifying chamber 1 through the -
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105

producer gas thus flows from the lowest tier -

of flues 4% to the next tier above, passing
therethrough in the reverse direction to the
side of the producer on ‘which the ports 35
are located, thence to the other side of the
producer through the flues 4* on the tier
next above and so on until it enters the cross

110

115

flue 38, from which ‘it discharges through - -

the off-take 39. A valve 40, on 39, serves to

shut off the discharge of gas whenever neces-'
sary; e. g. when “banking ” ‘the producer.-

The hot gas passing through the flues 4°

gives up part of its sensible heat to the flie
walls from which ‘it is transmitted-to the
slack coal resting upon the flues. THeat also

reaches the coal by radiation from the hot

gasifying region of the producer and from

the hot walls. It is possible also: to draw a
portion of the hot producer gas from the
gasifying zone up through the carbonizing

120
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zone, assisting in the heating of the coal,
down through the pipe 13 and injector b
into the bottom of the producer. When the
atity of wvolatile matter in the coal is
¢ than can be distilled by the heat
tted from the flues 4%, this method of
ug permits of the complete carboniz-
of the coal beiore it reaches the level of
sorts 35, even though the heating cffect-
v the flues 4% is not suflicient to accom-
ish this end.

it is to be understood that I do not limit
myself to the number of flues shown. The
wmber of flues and dimensions of the pro-
ducer shenld, of course, be determined by
the estimated capacity of the producer and
the quality of the fuel to be used in the
producer. For coke or anthracite, for in-
stance, the carbonizing zone may be re-
stricied as shown in the drawings. For a

ng

5 0

Lutuminous coal, on the other hand, a much-

‘larger (higher) carbonizing zone should be
provided,

Pressure gages—simaple U tubes as
shown—4a1 and 42, indicate the pressures in
chamber 1 at the level of the producer gas
4 distillation gas off-takes, respectively.
A blower, 43, werves to supply the com-
cssed air or combustion gases to the poz-
ic 6. Poke-holes 44; having covers, 45, pro-
vidsed with seating springs, 46, provide ac-
cess to the interior of the producer for the
purpese of - observation ‘or cleaning the
shelves, 42, ete. - :
. In casss where the combustion gases used
contain » large proportion of free O and
the injector capnot draw 1n a sufficient pro-
porion of U0, when using air in the noz-
zle, the combustion gases may be compressed
iustead of the aiv and used as the inductive
blast through the nozzle 6.~~~ .

In the ordinary method of operating my

preducer I aim to withdraw through 14,

only the gases which are evolved in the
carbonizing zoné. This end is brought abeout
with substantial accuracy when the gages
41 and 42 indicate the same pressure. The
pressures. at the respective levels can be
regulated by the adjustment of valves 15,
16 and 19, and the pressure of the Dblast
supplied to nozzle 6, when the pressure in
‘the discharge conduit 39, is constant.
Should the fuel used contain more volatile
matter than the producer was designed to
drive off fram the coal it may be advisable,
as before mentioned, to circulate a portion
of the finished producer gas through the
carbonizing zone to aid in the carboniza-
tion, of the coal. In this case the inductive
effect on. pipe 13 is inereased by the appro-
oriate means until the gage 42, shows a
glightly lower pressure (higher ‘partial
yaruum) than gage 41, This causes the
diversion of part of the gas which would

a

otherwise discharge through ports 35, into
the carbonizing zone.

As hereinbefore stated, this producer is
designed for the gasification of slack bitu-
minous coal, coke, ete., or anthracite culm.
It is obvious, however, that by crushing the
coal I may use “run of mine” or any size.
of coal whatever. - :

Having deseribed my invention, what 1
claim ig+— .

1. In a gas producer the combination of
a gasifying chamber, a plurality of cross-
flues in the upper part of said chamber above
the passages for withdrawing producer gas
from said chamber, means for continuously
feeding coal onto said plurality of cross-
flues in the upper part of said chamber uni-
formly along the length thereof, the tops
of said flues being adapted to form shelves,
said flues being arranged in tiers, the flues
of adjacent tiers being arranged in-stag-
gered relation to each other so that the tops
of the flues of the lower of two adjacent
tiers intercept the material falling from the
flues of the upper tier, flues in the walls of
said gasifying chamber, connecting the flues
of one tier at one end with the flues of the
tier above and at the other end with the
flues of the tier below, a flue in one of said
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lateral walls connecting the discharge ends
95

of the flues .in the lowermost tier, and a
plurality of passages for the withdrawal of
producer gas connecting said flue with the
said gasifying chamber. '

9. In a gas producer the combination of
a gasifying chamber, a plurality of crose-
flues in the upper part of said chamber, said
cross-flues being located above passages for
withdrawing producer gas from said chawi-
ber, the tops of said flues being adapted to
form shelves, said flues being arranged in
tiers the flues of adjacent tiers being ar-
ranged in staggered relation to each other
so that the tops of the flues of the lower of
two adjacent tiers intercept the material
falling from the flues of the upper tier,

100

105

119

means for continuously feeding coal onto -

each of the flues in the upper tier of said
plurality of cross-flues, flues in the walls of
said gasifying chamber,
fues of cne tier at,one end with the flues
of the tier above and at the other with the

flues ot the tier below, a flue in one of said

lateral walls connecting the discharge ends
of the flues in the uppermost tier, a gas
off-take communicating with said flue, a
flue connecting the inlet ends of the flues in
the lowermost tier, a plurality of passages

for the withdrawal of gas connecting the

said flue with the said gasifying -chamber, a.
draft-producing means connected with the

connecting the:

115

120

125

lower part of said gasifying chamber, said -

draft-producing means having connections
to the upper part of said chamber. to a
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4

scurce of products of combustion, and to
the atmospgere,-and a nreans for -withdraw-
ing from said gasifying chamber the ash
formed thevein. .

3. In a gas-producer the combination of a
gasifying chamber, a plurality of cross-
flues in the upper part of said chamber the
tops” of sald flues being adapted to form
shelves, said flues being arranged in tiers,
the flues of adjacent tiers being arranged in
staggered relation to each other so that the
tops of the flues of the lower of two adja-
cent tiers intercept the material falling from
the flues of the upper tier, flues in the walls
of said gasifying chamber connecting the
flues of one tier, at one end with the flues of

the tier above and at the other end with the

flues of the tier below, a flue in one of said
lateral walls cross-connecting the -discharge
ends of the flues in the uppermost tier, a
gas off-take communicating with said flue, a
flue cross-connecting the inlet ends of the
flues in the lowermost tier, a plurality of
gas off-takes connecting said cross-connec-
tion with said gasifying chamber, a plu-
rality of shelves in said gasifying chamber
below said plurality of passages said shelves
being set in staggered relation to each other
and being substantially parallel to the plu-
rality of cross-flues in the upper part of
said gasifying chamber, and “a draft-pro-
ducing means connected with the lower part
of sud gasifying chamber, said draft-pro-
ducing means having connections to the up-
per part of said gasifying chamber, to a

source of products of combustion, and to the

atmosphere.

4. In a gas producer the combination of
an inclesed gasifying chamber, means for
feeding céal to the upper part of said cham-

“ber, a plurality of cross-flues: in the upper
part-of said. chamber, the tops of said fiues

being adapted to form shelves, said flues be-
ing arranged in tiers, the flues of adjacent
tiers being arranged in staggered relation to
each other so that the tops of the flues of
the lower of two adjacent tiers infercept the

material falling from the flues of the upper |

tier, flues in the walls of said gasifying
chamber connecting the flues of one tier at
one end with the flues of the tier above and
at the other end with the flues of the tier be-
low, a flue in one of said lateral walls cross-

contecting the discharge ends of the flues
in the uppermost tier, a gas off-take com-

municating with said flue, a flue cross-con-
necting -the .inlet ends of the flues in the
lowermost tier, a plurality of shelves in said
gasifying chamber below said plurality of
passages, said shelves being set in staggered
relation to each other and being substan-
tially parallel to the plurality of cross-flues

in the upper part of said gasifying cham-

ber a plurality of cross flues in the lower

1,066,717

part of said gasifying chamber, the tops- of
said flues being adapted to form shelves,
said flues being arranged in tiers, the flues
of adjacent tiers being arranged in stag-
gered relation to each other so that the tops
of the flues of the lower of two adjacent
tiers intercept the material falling from the
flues of the upper tier, flues in said lateral
walls, each of said flues being in communi-
cation with said plurality of cross-flues, one
of said flues being in communication with
the discharge passage of a draft-producing
means, a plurality of passages connecting
the other of said flues with the gas-produc-
ing chamber in the lower part thereof, and a
draft-producing means for introducing the
combustion - supporting draft - current into
said gas producer, a passage connecting the
inlet passage of said draft-producing means
with the upper part of said gasifying cham-
ber, a passage connecting the inlet passage
with a source of products of combustion,
means for indicating the pressure in the
gasifying chamber at the level of said gas
off-takes and means for indicating the pres-
sure at the top of said chamber.” ‘

5. In a gas producer the combination of a
gasifying chamber, means for feeding coal
to the upper part of said: chamber, a. plu-

.rality of staggered shelves set substantially

horizontally 1n said chamber, adapted, to
retard the fall of said coal through the sl\id
chamber, poke-holes in the end walls of said
chamber adapted to permit the insertion of
tools to remove accumulated matter from
shelves, a draft-producing nieans having its
discharge passage-connected with the iower

part of said chainber, a passage connecting

the inlet passage of said “draft-producing
means with the upper part of said gasifying
chamber, a valve on said passage, a passage
connecting said inlet passage with a source
of producls of combustion, a valve in said
passage and an air-damper in said passage,
means for withdrawing. from said chamber
the gas formed therein and means for with-
drawing the ash from said chamber.

6. In'a gas generator; in combination, a
ecoal carbonizing chamber occupying the up-
per part of said gas generator, a plurality

of cross-flues located in said carbonizing
-chamber but not in direct communication

with said chamber, the said cross-fAlues being
arranged 1In tiers, passages connecting ‘the
flues of the lowermost of said tiers with the
said carbonizing chamber, passages connect-
ing the flues of each tier of said cross-flues
with the next adjacent tier. above, and a gas
off-take passage communicating with the
flues of the uppermost of said tiers.

7. In a gas generator, in combination. a
coal carbonizing chamber occupying the up-
per part of sald gas generator, a plurality
of cross-flues located in‘ said carbonizing
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chamber but not in direct communication
with said chamber, said cross-flues being
adapted to form shelves for intercepting
and sustaining fuel and being arranged in
tiers, passages connecting the corresponding
ends of the flues in the lowermost of said
tiers with the saud carbonizing chamber,
passages connecting the other ends of the
gaid flues in the fowermost tier with the

next higher tier, passages counecting these |
| generating chamber cross-connecting the

latter with the flues of the tier above, and
so on, and a gas off-take passage in commu-
nication with the flues of the uppermost of
said tiers.

8. In a gas producer, the combination of
a gas-generating chamber, an ofl-take for
drawing off the finished producer gas from
said gas-generating chamber, said gas off-
tske being located in approximately the up-
per third of said gas-generating chamber, a
plurality of flues forming a plurality of ve-
turn-hend passages for the passage of the
said finighed producer gas through the ap-
per thivd of said gas-generating chamber,
the said flues being set in tiers. the flues of
pach tier being it staggered velation to the
flues of the adjacent tiers, the tops of the
«id flues being .adapted to support the
freshly chavged coal for said gas producer,
whereby the said coal is subjected to distil-
lation by the heat of the fimshed praducer
g, a flue connecting the discharge ends of
the Hues of the uppermost of said tiers, and
a producer gas eduction passage opening out
of the said connecting flues.

9. In a gus producer, the combinatics of 2

gas-generating chaciber, a plurality of cff-
take passages for drawing off the finished

producer gas from said gas-generating
chamber, said gas off-takes being located in
approximately the upper-third of said gas-
generating chamber, a plurality of flues
forming a plurality of return-bend passages
for the passage of the said finished preducer
gas through the upper third of said gas-

- generating chamber, the said flues being set

in tiers, the flues of each tier being jn stag-
gered relation to the flues of the adjacent
{iers, and the tops of the said flues being
adapted to support the freshly charged fuel
in said gas producer, whereby the said coal
is subjected to distillation by the heat of
the finished producer gas, a plurality of
means for charging fuel, one of said fuel-
charging means cooperating with cach of
the flues of the uppermost of said tiers and

adapted to distribufe the said fuel uniformly

along the lerigth of said flues, a flue cross-
connecting the discharge ends of the flues
of the uppermost of sald tiers, and a pro-

ducer-gas eduction passage opening out of

the said conmecting flue.

10. In a gas producer, the combination of

2 gas-genferating chamber, a plurality of off-

|

take passages for drawing off the finished
producer

gas from said gas-generating

65

chamber, said gas off-takes being located

above the middle of said gas-generating
chamber, a plirality of approximately flat-
topped transverse tlues in the npper part of
cnid chamber, the said transverse flaes being
arranged in tiers, the flues of adjacent
tives being set in staggered relation to each
other, a cross flue in the walls of satd gas-

said gas off-take passages and the flues of
the lower of said tiers, a cross-flue in the
oppesite wall of said chawiber eross-con-
necting the cpposite ends of the flues of said
lower tier aud the correspending ends of the
flues of the next tier above,andsimilar cross-
Hues in the said walls of said chamber con-
necting the flues of each of the other tiers
at one end with the flues of the underlying
tior and at the other end with &~ flues of
the overlying tire, a flue cross-connecting
the discharge ends of the flues of the suid
upper tier, and an eduction passage for pro-
ducer gas opening out of the latter of said
eross-flues, whereby the hot producer gas
from the middle zone of the said gas-gener-
ating chamber is led throngh the upper part
of said chamber and caused to give up part
of its heat to the fresh coal charged mto
said chamber, a coal-charging means cobp-
erating with each flue of the uppermost of
said tiers and adapted to charge coal uni-
formly along the length of the flue, and
means for injecting into the lower zone of

said chamber the products distilled from
the fresh charge in the appor part of said
chamber.

11. In a gas producer, the combination of
a gas-generating chamber,
takes for the gas generated in said cham-
ber, said gas off-takes being located above
the middle of said. gas-generating chamber,
a plurality of transverse flues in the upper
part of said gas-generating chamber for con-
ducting the gas withdrawn through said
oas off-takes through the upper part of said
chamber, said transverse flues forming
shelves for supporting the - fuel freshly
charged into said gas-generating chamber,
whereby the said freshly-charged fuel is
subjected to destructive distillation by the
heat transmitted to said fuel from said gas
through the tops of said flues, a plurality
of shelves in the middle portion of said gas-
generating chamber, said shelves being set
in staggered retation to each other and
adapted to support the fuel after the same
has passed through the said distilling re-
gion, and a plurality of transverse coaling
fiues below said plurality of shelves, the said
coaling flues being adapted to form shelves
for supporting the fuel and ash discharged
from .the said middle portion of said gas-
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generating chamber, and conduits for the | Signed at New York city in the county of
entering combustion-supporting draft cur- | New York and -State of New York this 23rd
rent, whereby the relatively cool draft eur- | day of December A. D. 1909.

rent protects the said flues frum the heat of HENRY L. DOHERTY.
5 the combustion taking place in the said Witnesses: S

lower portion of said gas-generating cham- W. 5. QuenTx,

ber. : : W. G. BErrYMAN,

i



