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No. 844,504. . - ‘- ;Spéciﬁcatio;-_of Letters Pa.tent_.‘ o Pé.t,ented-Feb,'lg,_ 1907. |
| - Application filed February 1_,1"1904. 'Serial No, 191_.404; L |

|'IM‘ -I

To all whom it may cOncerm:

| préhéated,’ will &cco’lﬂplish_'the reduction of .

Be it known that I, HENRY L. DoHERTY, of | temperature in the furnace with the greatest

Madison, Wisconsin, (post-otiice address care | economy and without any such waste of en-

- of The Improved Equipment Company, 405 | ergy as would cccur if water were employed
- & Seventeenth street, Denver, Colorado,) have | 1n place of the carbon dioxid and first raised
"'ilivented*._ certain new and useful lmprove- | to boiling and then introduced as steam.
‘ments in Apparatus for Regulating Combus- | There is also a further economy effectuated

~ tion in Furnaces, of which the following is & | through the introduction of the hot flue-gases
~ specification. - - " | and products of combustion under the grate,
1o~ This invention relates to apparatus for reg- | because they invariably contamn a consider-
. ulating combustion m furnaces, and is par- | able amount of unburned oxygen and some
" ticularly desirable and useful in’ éonnection | unburned combustible gas, which, being al-

with gas-producers and other furnaces where- | ready heated, saves the amount of energy

55

60

in the temperature tends to become excess- | that would be. required to heat the equiva--

15 ively high if oxygen or air alone is intro- | lent quantity of air with its four volumes of
7 duced to the fuel. = - . . ' |

. Asis well known 1n the art, the process of | of-which would have to be raised to the tem-

‘generating gas in a producer is usually car- | perature of the furnace. o

»*

‘ried out by passing air or air with steam | Incarryingout the invention in connection

inert nitrogen for each volume of oxygen, all*

) '70

20 through the body of fuel, which may be soft | with a gas-producer a suitable injector or fan _ -

coal, hard coal, coke, or other suitable car- | 1s preferably used for introducing the air and

Bonaceous material. Water-boshes and drip | the carbon dioxid. Preferably the form of '

- plates-are uged for the pur%a}se of facilitating | injector or fan which is to be described here-
. the production of steam, w ich acts upon the | in is used. L - T
25 carbon,parting with its oxygen, and thuspro- | In the accompanying drawings there 1s

ducing a mixture of carbon monoxid and hy- | shown for the purpose of clearly indicating

~ drogen. If the steam 1s not used, the bed of | the principles of the invention a twin gas-
fuel will become gradually hotter and hotter, | producer, and in these drawings, Figure 1'1s &

¢ausing caking and clinkering and giving | sectional front elevation of a gas-producer.

]

30 trouble in cleaning out. = Also the steam or | Fig. 2.

_ature.

[

- In ca,rrymg' dut".the 'obj'e(;‘ts" of thé iﬁven¥ showing the setting a,nle 're%ex}er’a,tive parts
* tion carbon dioxid, 1$ introduced to the fuel, | of the producer which is relatively back of

80.'.

| is a vertical section thereof, the same -
7 water-vapor serves to keep down the temper- | showing to the left the producer which 18
- 5 T | * 7 ! shown in sectlon in Fig. 1 and to the right

35 50 as to be present.with the oxygen that sup- | or to the rear of the producer shown in Fig.

‘ports combustion, means being provided for | 2. Fig.3 is a section on the line 3 3 of Iig.

introducing the carbon dioxid in quantities | 1. Fig.4is a front elevation of the flue-gas
_commensurate with the supply of air, and | injector shown in the aforesaid figures. .- Fig.

both being so limited that the ~arbon of the | 51s a side elevation of said injector. Fig. 6
10 fuel is not burned completely to carbon di- | isaplan. Fig. 7 isa vertical section through

9¢

. oxid by the air so admitted. The carbon di- the injector on the line 7 7, Fig. 5. Fig. 81s-

. oxid, Whi_ch-isqintmduce.d and which may_rbe'* o transverse section on the line 8.8, Fig. 4.

pure or impure, is used In place of water | Fig. 9is vertical sectional view showing 2
~ or steam -and may be obtained from any | flue-gas propeller or fan, which may be used

95

4% suitable source and is preferably preheated. | in place of the injector. Fig. 10is a plan

- .. Usually it can be obtained from the products view thereof; and Figs. 11, 12, and 13 are -

‘of combustion already heated, and by re- } views of similar character to 1, 2, and 3,show-

_turning it-.under the grate that much heat 1s | ingRanother form of the invention. __

‘saved as compared with the heating of coal- | - Referring now to these drawings, and
5o gasup to the ignition temperature. The car- | mote particularly to Figs. 1, 2, and 3, which
' '%o‘n dioxid, if-obtained from the previously- | will be. briefly described,-the gas-producer a

#armed :products of combustion and slready | is provided with a charging-chute b, through

100
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which the coke from the retorts ¢ is dis-
charged into the producer after distillation.
The retorts are mounted in the setting of the
furnace in the usual way within the combus-

5 tion-chamber e, which'is connected with the |

gas-producer ¢ by the gas-nostrils @’. . The
drip-plates @* and the water-boshes a? are
shown simply to indicate that the invention

is applicable to any ordinary type of furnace |
(i;d;. Primary

‘1c 1n which these parts are providi _
- air, admitted, preferably, as heremsfter de-
scribed, passes through the horizontal ducts
J and through openings f’ under the grate.
. The regenerative part of the furmace may be
15 of any suitable constriction, as that shown,
1n which horizontal flues g are arranged, one

.

set at each side of the producer, the lower |

flue leading to the chimney " and the outer
~ends .of the flues being closed, as by slide-
20 doors ¢°. - The upper fiue g 1s connected by

openings ¢* with the combustion-chamber ¢,

- so that the products of combustion may pass

~ off as usual. Counter-flues & are provided
alongside of the flues ¢, these flues being ar-

25 ranged 1n two sets; one at each side of the

iproducer, each set being controlled at its |
ower end by a slide-damper A’ for admitting

~ Secondary. air, which passes through the

flues and side openings h?, a passage A% and .
3o air-nostrils A*. The action of the furnace in |

producing gas is well known to 't]f;lose skilled:
in the art.. - L |

35 to the form of 'furnace shown or to any
- other gas-producing furnace, or they may be

employed in: connection. with \furnaces for

steam-boilers. In.carrying out, the: inven-
tion in connection with" the gas-prodiicer
40 shown some of the flue-gases are'drawn off,

and may be forced-under the gratein connec-
“tion with a -supply of air' by means of an

1injector, such as more clearly shown in Figs.

4 to 8 ﬁclusive., 'The idjecting apparatus
45 shown consists of a casing 4, composed,pref-
~erably, of parts bolted together and sup-
ported upon a masonry foundation i’.” Pref-
erably the casing i§ composed of three sec-

~ tions, as j § 12, which are of tile or-fire-brick,

50 8o that they are non-combustible’ or. non-
~ fusible, because of the high degree’ of .heat
- which they have to ‘stand. The top sec-

tion 7 of the injecting apparatus. is pro-

vided with a horizontal passage-, one end of

55 which is open to the atmosphere and the
- other end of which is conpected with the
nassage ¢*of one of the lower waste gas-

-

flues ¢, the wall around said passage being

‘hermetically closed against the ‘wall of-the

6o furnace. The front end of the passage.-is:
})referabl-y closed by means of a swing-door
¢’

which is provided with openings suitably
controlled by the blades of a damper k% An
injector-nozzle 1, supplied with injector air

65 or steam, if desired, from, a suitable. sourge

|
.l

1

~channel m, the upper end of which, adjacent

{

projects down through the top of the section

7, and its jet-orifice is located within the pas-
sage k, before referred to. "The injector-
nozzle [ 1s provided with adjusting-collars I’

and set-screws??, and is arranged coincident

with the axis of a downwardly-extending

70

the jet-orifice, has a wide flare m’, Wwhile
Irom the throat m?; a short distance below " -

the passage k, the said channel m gradually

1ncreases 1n size, as indicated by m?, so that
‘the velocity given to the gases by theinjector-
alr overcomes the suction in the waste-flues,

grate. 'The downwardly-flaring channel m

18 ¢onnected at its lower end with anelbow-

|

tion » of which extends at an angle relatively
to-the portion m.  For this reason the lower
sectiori 7* of the injector apparatus is.about

75..

{ which suction is greater than that under the.
30 .

shaped channel n in the lower section 42 of -
{ the “Injector apparatus, which channels m
~and n form practically one channel,the por- -
35

twice' as- wide as the upper sections. . The

sections 77’ y*'preferably form an L, the ex- -

“tension of the lower leg of the L forming a

Qo

- box which is -closed -at the front, as by a ~

swing-door o, provided with air-inlet open-

ings, suitably regulated bY means of a rotary’
damper o’. The connection of the: upper

95

£

end of the inje¢tor apparatus with the waste-
flues'is shown at, the right of Fig. 2, while =
| | the -connection of . the [ower end with the
~ The improvements forming the ‘subject-of | '

‘the present invention may be applied ‘either |

ducts f for primary air. is shuwn in Fig: 3.

“T'he upper primary air-passage f is connected

‘the outlet énd'of the channel n. -~
' . In the .example shown and d _
‘which is evidently but one form of which the
| invention is capable, carbon-dioxid 2a8. 1S

at its outer end-with a transverse passage n'
1n- the lower section 7%)and this in turn with

forced under the grate by the action of the

o

ut
'

Mg

“controlled by the damper k?%-and these open-
ings being connected ‘with atmospheric air

giving. up one atom of oxygen, thus forming

100

escribed,
.[05 ol

‘injector, and with the carbon-dioxid gas air
1is also forced inunder the grate. The carbon-
~dioxid gasin meeting the incandescent coals
at a temperature above a minimum critical
‘point, which seems to be about 1,500° Fah-
renheit, reacts upon the carbon of the coals, =

110

two volumes of carbon monoxid for each.

:volume of carbon dioxid introduced. "In'the
 reduction of - the carbon dioxid to the mo-

I3

noxid heat is absorbed,.and thereby the tem-

Ll
+

* ﬁgraiture,_bf* the bed of ¢oals in the furnace is

s
3

high point is drawn through the openings

¢ waste flue-gases containing

ept down to a temperature much nearer. the -
| criticalpoint thanwould otherwise be the case.

12¢

' The oxygen to support combustion and to™ = :
Iraintain the temperature at-a sufficiently: -

130

_ _ 108] rz5
about. four parts of nitrogen to one of oxy-~
‘gen are drawnin by the action of the injector-
| nozzle 1. -’I‘ha.ﬁa.ses drawn in bythe injector |
~are heated by t '

| carbon dioxid, and these mingled gases are



10

grate and to the dfuel.
alr 1s drawn in, of course the nitrogen gas is |
heated up by contact with the hot flie-gases,
and thus does not produce.any undesirable

- 844,504 .

Where atmospheric

cooling effect, it being as hot as desired by

the time it reaches the fuel, where the oxy-
gen serves i1ts purpose, as before stated. Itis
evident. that pure oxygen may be drawn: in |
or that carbon dioxid from any suitable:
~ source other than the producer itself may be

supplied. -~~~ - B

[t is immaterial to the principle of the in-

‘vention what form of injector, fan, or other
apparatus 1s used for introducing the air and
 the carbon dioxid, though it is of course ad-

- wvantageous that the quantity of carbon di-
.Ode introduced be --CIOIltI'OHGd .&Ild_.lma,de

- 20

commensurate with the quantity of oxygen
.or air admitted.  The

eater - the quanitty
of carbon dioxid intro

“be the temperature. The introduction of

_too great’ an amount would wholly retard
‘combustion, while the introduction of an in-
sufficient amount. would maintain the tem-:

- 1n the practice of the invention a greater or.

perature at too high a point. - Consequently

. less amount is admitted, according to the

30

temperature desired, it -being preferable to

- admit a little more rather than less than the

. amount required to properly control the
- temperature. |

- der different conditions and different quali-

ties of fuel, no exact rule can be given. In .

practice it is found that one volume of carbon:

 dioxid for about twelve volumes of air will
‘work. -advantageously. By properly con-

_35

40

As this 1s known to vary un-

‘trolling the dampers £* and o’ the regulation
may be accomplished to a-nicety. -When
there is a certain pressure of the injector-air,
and ‘the flue-gases in the flues ¢ carry a cer-

~ tain proportion of oxygen and carbon dioxid,

45

ing or closing the damper %% - This: could |
also be accomplished by opening or closing
the damper o/, provided the pressure under

50

the mixture of flue-gases. and air delivered ! tional a
", which by means of aduc
the special vertical injector-flue .  The

under the grate-bars can beé varied hy open-

the grate was less than atmospheric pressure,

which would allow the outside air to pass

¥

through" the openings controlled By ‘said

- d'a,mpel} -}Hi_gher ~efficiency .could -'fa,lso_-'-be
- maintained by using some.of the heat of the
- waste flue - gases to heat the injector - air.

55

.

* In Figs. 9 and 10 a modification of the in-
-vention 1s’shown in which, instead of an air-
- 1njector, a power-driven fan is nsed. - This
- fan p is mounted on a vertical shaft 2/, which _ | |
65 turns in suitable béarings of & hanger-frame | passages y* for the flue-gases and products of

Where the combustion is to-be. completed,

instead of utilizing the gas elsewhere, a fur-

- ther supply of oxygen or air is admitted after

‘the gases leave the fuel-supply, and the gases

~-are;burned substantially completely to car--
60 bor dibxid and hydrogen oxid- = -

-the furnace.
which 1s

uced the lower will

the injecting apparatus. _
of the apparatus having been described will-
be understood without specific reference in -
connection with the additional figures; but

the changed parts will be given additional

3

forced through the channels 7 7 into’ the | g, that 1s suppo':rted" from the upper part of
ducts f.and through the ports f* under the.

the tile-section 7. The upper end of the

shaft p" may be provided with a steam tur-

bine-wheel 7, which may be driven by steam
from a nozzle 7 in well-known manner, sup-

plied from a boiler, which may be heated by

bushings, such as ¢ ¢/, which do 1ot require

The fan turns in a fan-casing s, .
1s provided with a steam-outlet s'. -
The fan-shaft p’ turns, preferably, inmetaline .

lubrication, and which also can withstand

the intense heat to which they are subjected.
A damper -4 regulates the amount of air

‘which is drawn in by the fan p, which fan

f

also draws in the waste:Hlue-gases through

‘the opening v. =~ .

In Figs. 11,12, and 13 another form of gas-

bench 1g illustrated, in which the improved:
I process can be carried out. This bench is -
quite similar in general design to that of the

one shown in Figs. 1 to 3, inclusive, the dif-

ference being, however, that in the bench
~shown in Figs.'11 to 13 the waste gases, after
heating the retorts, may be brou

the fuel-bed in the furnace with the least pos-

t down to-

8c

90

sible'loss of heat.  In a furnace of this char-

acter or construction the waste gases, leaving:

the retorts at 2,300°to 2,500° and brought

would probably melt the grate-bars.gener-

‘down without much loss of temperature, '

e ‘ . 95,
“ally in usey This calls for a change in the

construction of the grate-bars and likewise a

change in the location and .construction of

The general parts:

100

reference-letters. Additional or primary air

other than that furnished by the injector-

105

nozzle w, inserted into a flue w’, to be here--

inafter referred to, is admitted through an

tional air flowing through_ _
uct wrconnect with,

type of recuperator flues which are shown

are believed to be more efficient than the

ordinary type of flues' now wused. The =
| damper-controlled opening % (shown to the
left of Fig. 11) for the secondary air conriects,

by-means Ofl!l)eculia,rly-armnged. Zigzag pas-
sages Y, with. the ~combustion-chamber in

]

‘opening controlled by a damper w?, this addi-
10 ' ' suttable passages

110

IT 5

which the retorts are arranged, the ducts lead-
‘Ing from said passages for the secondary air’
to said chamber being indicated by 42.. These
passages and duets ¥y’ ¥* are clearly shown. to
the right of Fig. 11, the transverse portions

120

of the passages 9’ being shown to the right of

‘Fig. 12. The flue-gases pass out.of -the
chimney ¢ after. first passing through a sys--
tem of zigzag passages y* which are con-

125

nected at themr upper ends with the combus

tion-chamber.. The upper portions of these

X 30 |
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= -

‘combustion are connected by means of said

spccml injector-flue ¢ with short branch flues
', which are located under the producer, or

, ra,ther under the grates, and which communi-
cate with flue ', which contains a bushing,

tile, or fire-brick provided with a flaring

pacscge x?, similar to the corresponding pas-

. sage In the njector apparatus shown in Flgs

1O

20

30

_ Ua
n

1, 2, and 3. The 'said branch flue »’ is
formed in an elbow and extends OT Opens un-
derneath ‘the grate. Said 111]cctor-ﬂutc x
serves for the purpose of bringing the waste
or flue gas directly down with the least' pos-
sible loss of heat. The injector w, being
located as shown, serves alone for the purpose
of taking care of the entire waste cases that
are required. It will be understood that

there is a special injector-flue z at each side of

the producer branching off from the hori-
zontal flue w’, into which the injector 1s in-
serted. As ordmcry grate-bars would in all
probability be-melted by the intense heat of
the waste gases, a special form of grate 1is de-
sirable. = The crra,tc z shown is of fi
the purpose of withstanding the addltloncl
heat. The grate 1s composed of two retort-
shaped parts 2/, of fire-clay, which are openat
both ends, the inner cnds being connected

with the branch flue w ‘while the upper
;.
‘number of longltudmcily—cxtcndmg holes or

walls of the said parts 2’ are provided wit

slots 2%, These holes: allow the waste gases
and air to pass directly up into the bed of
fuel and the ashes to drop down.
form of the apparatus the waste gases and the

ble temperature in order to economize in the

- fuel which is necessary to opcrctc the bench.
40

chn% thus described my invention and
i

without

e-clay for.

In this
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ers or in modified form What I claim as new
and of my invention i§—
1. In an apparatus for regulating combus-

tion in.furnaces, the combination with a gas-
producing furnace comprising the producer,-

combustion-chamber, flues for primary air

and for secondary air and. flues for waste
gases, of passages or channels connecting the

waste-gas flues with the primary air-flues,

| said channels being provided with a dcmper—-

controlled opening for air and. an adjustable

45

injector projecting into said channels or pas-

sages.
2. In an apparatus of the character spccl-
fied, the combination of a gas-producer, a gas-

/

furnace having a regenerator, a dlscnarge-_.

' passage therefrom for the waste gases, a con-

. duit for
said discharge-passage with the combustion
zone of the producer and ad]ustable draft-—

b ol b

miting myself to details, as obvi- |
ously some features maybe used without oth-

. -

roducts of combustion connecting

accelerating means in said conduit. -
3. In apparatus of the character described,

‘the combination of a gas-producer, a combus—

tion-chamber, retorts therein, qccondcry a1T-

. 95
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flues leading to the combustion- chamber, re- .

turn-flues for products of combustion le&dmg-

from the ccinbustlon—chcmbcr to the stack

and arranged in proximity to the secondary
air-flues,
neath the grate, an injector for conducting
‘air and a portion of the products of combus-

primary air-flues leading under-

70

tion from the return-flues to the grate, and
| Ieans in addition to the injectar.for rcgulat—

| ing the mixture of air and products of com--
“bustion.

necessary air to- support combustion are |
~brought, to the fuel-bed at the highest possi-

In testimony thrcof T have mgned thls
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speclﬁca,tlon in the presence of two subscrlb- |

mg Wltnesscs
| 'HENRY L. DOHERTY.
Wltnesscs - - T
" R.B. SULLIVAN _-
EuvgENE Y. SAYER.' -
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