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To all whom it may concern:

Be it known that I, HENrY L. DOHERTY, &
citizen of the United States, and a resident. of
New York, in the county of New York and
State of New York, have invented certain
new and useful Improvements 1n Processes

- of Conducting Combustion, of which the fol-
lowing is a specification.
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This invention relates to the art of con-

ducting combustion with composite flames,

such as a gas-flame conjoined with a flame
produced by the ignition of powdered coal.

- Inmany branches of industrial work where
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Eroducer—gas or otner gaseous fuel 1s used for

eating purposes it is often of the greatest

importance to secure a localized heat in one
portion of the furnace to effect certain chem-

- 1cal changes in preparation for which the ma-
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terial may be undergoing treatment In an-
other |
lesser heat intensity. With ordinary pro-
ducer-gas it 1s difficult to carry out an opera-

tion of this sort successfully and economic-
- ally, and especially is this true of producer-

gas made from coke or anthracite coal, owing
to the blue or non-luminous flame resulting
from its combustion. A non-luminous flame
is not a good heat-imparting agent. The po-

tency of the radiative action had never been

heretofore clearly appreciated in this connec-
tion. .Just why the quantity of coke or an-
thracite coal required 1n some operations to

~do a given amount of work 1s twice that re-
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quired by a given weight of bituminous

coal, which affords producer-gas possessing

a considerable degree of flame luminosity,
has not been heretofore apparent. The lu-
minous quality of the flame 1s due to the fine
particles in suspension from which the radia-
tions emanate. - Radiation varies with the
nature of the material, and perfect radiation
1S Eossible only with a perfectly black non-
reflecting surface. Radiation varies as the

fourth power of the temperature. - Conse-

quently for high-temperature work while &
non-luminous fiame is relatively veryineffect-
ive, 8 luminous flame, owing .to this rapid
increase in radiation with the temperature,

‘has a relatively high efficiency.

I have found that if coal-dust orother solid
material or Liquid fuel, such as oil, be in-
jected into non-luminous flames of the char-

art of the furnace with a flame of |

ducer-gas and havin

1 meﬁt'is. made with respect to their poﬁérfto

transmit or impart heat. Hence with pro-
ducer-gas from anthracite. coal or coke,
which has heretofore been regarded as a rela-

tively poqf heating agent, almost the same

efficiency is realized as from bituminous coal.

My invention consists in the introduction:

of powdered coal, coke, or other solid or lig-
ul

into a flame or flame-current of gaseous or

other fuel; and the object of the invention is

to convert flames deficient in luminosity, and
therefore inferior as a heat-imparting agent,
into highly -luminous heat-reverberatin
flames Wiich have a most powerful and rapl
heating action. - .
The accompanying diagrammatic draw-
ings illustrate the application of my process

compounds or combustible substances
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to a cement-kiln for the burning of cement, -

an operation for which it is particularly well
adapted, as cement-burning requires a high
temperature of flame near the complétion of

g

the operation—that is, af the time when the

calcined material i1s being converted into

cementitious matter or clinker-—while: the-

operation of calcination or removal of carbon
dioxid contained 1n a limestone requires a

relatively low temperature. It must not be
inferred, however, that in so-illustrating this

embodiment of .my invention that I limit
myself in the application thereof solely to the

“burning of cement. The process is also’ of

value 1In various metallurgical operations,

8o

such as the manufacture of glass, of open-

hearth steel, of various metals other than

iron or steel, such as copper and zinc, and in .

miscellanéous heating operations.
The accompanying drawings diagrammat-
ically indicate a cement-kiln fire
means for supplying

thereto powdered fuel. S
Figure 1 shows the powdered fuel injected
across the path of travel of the producer-gas

flame, and Fig. 2 shows an axial injection of
| the powdered fuel. '

by pro-.

le
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Like reference characters *'deSigna,te_ like

parts in the drawings. , -

Referring to Fig. 1, 1 is the cement-kiln 1n
section, the lower portion or end only of the
kiln being shown. '

‘3 represents a gas-producer conventionally

indicated. - From the gas-producer 3 a con-

acter above mentioned a decided improve- | duit 4 conveys the gas to the kiln. A supply
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 of airis admitted throiighf an :i,imul_&r Sp&CE‘5 ma{,
around the gas-inlet pipe. '

L O

~ end of which, by means of a conveyer 7, the |
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supplied under pressure and may be pre-
heated, if desired, by any suitable means. -

~ 6 1s a bin or hopp
coal ar other pulverized fuel, from the lower
fuel is discharged in uniform stream of prede-
termned amount into the hopper 8 of the in-
Jection-chamber 9. Entering this chamber

from the rear is the air-blast pipe 10, through
which compressed air or a blast of air from g

fan or blower (not shown) is admitted. 11 is
a discharge-pipe. . In Fig. 1 this is shown
terminating at 12 above the gas-port.
Fig. 2 the terminus of the disc arge-pipe is
centrally placed in the gas-port
discharge the powdered coal axially along the

kaln.

My method of operation is as follows: The

~kiln 1is put in revolution and a stream of the
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- amount—that 1s, clinker in sue
and of such size that the air-blast is obstruct-
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raw material in a finely-ground condition is
caused to travel downwardly toward the
pomnt at which the gas enters the kiln. In
the gas-producer 3 a bed of ignited coal or
other fuel of gas-producing depth is brought
to a state og suitable ignition, and there-
through is passed a blast of
steam or produects of combustion or carbon
dioxid or other endothermic agent in such
quantity as will maintain the fire at the
proEer temperature for effective operstion
without formation of clinker in objectionable
quantity

ed materially in its passage thro b the fire.
The fuel used in the producer may be bitumi-

-nous coal or coke, or anthracite, or mixturesof

40

these fuels. The gas so Elroduced 1S con-
ducted or forced through the conduit 4 and
enters the kiln 1. There it mixes with air en-

tering through the inlet 5 and a long volumi-

- nous flame characteristic of ignited producer-
~gas is developed. This flame travels in g di-

rection opposite. to that of the raw material
and imparts its heat to the latter. The com-

- pressed air or other supply of air under pres-
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amount of impingement of the flame so
duced upon the walls of the kiln. In
- the powdered coal mixes with the

sure 18 admitted through the pipe 10 and coal
1s discharged from the bin 6 into the hopper
9. The jet of air exerts an inductive action
on the coal-dust in the hopper and subse-

uently blows it through the passage 11 into
‘the kiln 1, where in the case o
1 there will (provided the

the apparatus
lustrated in Fig.

force of the blast is sufficient) be a certain

Fig. 2

roducer-

- gas and burns in the central part of the kiln

6o

and in 1t combustion gives rise to a flame of
extreme luminosity. The greater the quan-
tity of pulverized fuel so supplied within cer-
tain limits the more luminous the flame. The

‘alr supplied. through the inlet 5 or pipe 10

~This air may be

er.contaming powdered

1t 1s evident that the

Tn

1. order to

air- containing

T 819,127

if desired, contain a diluent gas, such as
car _
steam or water vapor, in order to better regu-

or chnkering temperature.
When operating my process with other
fuels than producer-gas—as, for. Instance,
with uncarburetéd water-gas and the like—
he quantity of powdered
coal has to be varied from time to time to al-
low for variation in the quantity and quality
of the gas. s
' Unji%)rmjty of heat application in cement-
burning is a sine qua non.

control or determine the zone of the highest

tain fairly constant speed and at a certain

ondioxid, or a non-gaseous body, such as

_ _ The material
travels along the barrel of the kiln at a cer-

e
4 4 T

| late the rate of combustion and to placeunder
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well-defined zone or point near the lower end

of the kiln is converted into cement-clinker.
The area of this clinker zone is small, and
should the flame vary in quality only for a
short space of time some of the material may
in that interval be delivered through the

chnkering zone unburned and will be dis-

charged from the kiln as brown soft-burned
clinker, which will not stand the boiling or
other tests, and a little of which underburned
material 1s sufficient to injure a lar
tity of good clinker. It is therefore im-
perative that the flame should be of uniform
quality, and inasmuch as it is almost impos-

sible to supply a uniform quality of gas con-

tinually without preceptible variation it fol-
lows that troubles have arisen in the applica-
tion of this heating agent. My system of in-
creasing flame luminosity in a very large

o
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€ quan-
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measure compensates for fluctuations in the

eteriorate it is an easy matter to increase

as, and should the gas at any time suddenly

the supply ot coal fed through the discharge-

pipe 11, and thereby for the time being makes
up for any insufficiency of heat in the pro-
ducer-gas. Even without such a variation
In the coal-supply the producer-gas flame

105

works more uniformly and imparts its heat -

more rapidly to the cement material when it
1s given the characteristic highly-luminous
qualities furnished by the particles of solid or
hiquid fuel. Myinvention, therefore, removes
a difficulty which has heretofore been con-
sidered almost impossible of correction—
namely, that of remedying fluctuations in

roducer-gas in order to permit of that uni-
form travel of the cement material thro‘ugh

output.

‘What I claim is— | o
1. The process of producing a localized in-
tense heating effect from a non-luminous gas-

flame at a desired point which -consists in

blowing into said flame at said point a stream

11O

11§

‘the kiln which is demanded for a commereia]
- F20 -
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of fuel capable of burning with production of

radiant heat..

2. The process of operating a cement-kiln
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which consists in producing in the same a
flame of producer-gas and in injecting into
said flame in proximity to the clinkering
sone of the kiln, a stream of fuel capable of
burning with production of radiant heat.

3. The process of operating a cement-kiin
which consists in producing in the same a
oas-flame and in locally intensifying the heat-
radiating effect of such flame at a desired
point by injecting thereinto at said point &
stream of powdered coal. '

4. The process of operating a cement-kiln
which consists in producing in the same a
oas-flame and in locally intensifying the heat-
radiating effect of such flame at a desired
point by injecting powdered coal carried in
suspension in an air-current thereinto at said
point. |

5. The

rrocess of conducting combustion

in cement-kilns which-consists in introducing

into the kiln a stream of producer-gas; in 1n-
jecting across the path of travel of said stream
of producer-gas a stream of powdered coal;
and in subjecting the combustible mixture so

&

produced to an igniting temperature in the
presence of air.

6. The process of operating a rotary ce-
ment-kiln which consists in producing t%ere-—f
in & flame of producer-gas opposite in direc-
tion to the flow of cement material through
such kiln and in injecting powdered coal into
said flame at a point in proximity to the
clinkering zone of the kiln.

7. The process of operating a rotary ce-
ment-kiln which consists in producing there-
in a flame of producer-gas opposite in direc-
tion to the flow of cement material through
such kiln and in injecting commingled air
and powdered coal into sald flame at a point
Ji(r_tl proximity to the clinkering zone of the

iln. ' -
Signed at New York, in the county of New
York and State of New York, this 10th da
of November, A. D. 1905. -
HENRY L. DOHERTY.
Witnesses:
CARLETON HLLIS,
FLETCHER P. SCOFIELD.
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