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ABRAHAM T. WELCH, OF BALTIMORE, MARYLAND.

METHOD OF HEATING MATERIALS FOR THE PURPOSE OF DRYING OR TREATING.

SPECIFICATION forming p&rﬁ of Letters P&tent‘- No. 708,946, dated September 9, 1902.
Orlg;lna.l apnhaatwn filed May 28, 1897, Serial No, 638,659, Divided and this application filed June 7, 1901, Serial

No. 63,668,

(No specimens.)

To all whonv 1t ?nr{,y CONCEPTL:

Beit known that I, ABRAHAM T. WELCH a,
citizen of the United States of America, and
a4 resident of the city of I3altimore and Sta,te
of Maryland, have invented certain new and
useful Improvements in Methods of Heating

Materialsforthe Purpose of Dryingor Treat-.

ing, (the application for which was filed in
the United States Patent Office May 28, 1397,
Serial No. 638,659, of which the plesent ap-
plication is & diVibiOH') of which the follow-
ing is a specification. S

ThlS invention relates toa mel,hod of heat-
ing materials for the purpose of drying or
tleatmﬂ‘

The ob,]eets are 1&p1dly, thoroughly, and
evenlyto dlyormmc orother substancesand
at the same time to effect their separation or

division into parts or particles of the requi-

site or desired fineness; furthermore, toavold
wasteofheatbyutilizingthesameinsuch man-

‘nerthat the moistsubstance orsubstances will
be subjected to the highest heat on entering .

the drier and being impinged upon or envi-
roned by a progressively-decreasing degree
of heat toward the discharge, and, ﬁnally to
regulate the heat in the dller in such manner
as to cause it to be proportioned to the bulk
or body of the material to be desiccated.
With these objectsin view the method con-
sists of subjecting the goods in their wettest
condition and largest mass to the direct or
radiant action of a Stre&m of heatin the formn
of a blast of air or flame of high temperature
and pressure at its point of hwheqt tempera-
tureand pressure in the drier dﬂd then succes-
sively subjecting the goods in constantly-de-
clining qumlmblesasbheybecomedrytothed,u
tion ot the blast of flame or air, one or both, at

points where the tempemtme 18 eonsmntly

deelining, whereby the power and work are
constantly balanced at all points in the drier.
" This method may be carried 1nto effect in

many different forms of apparatus; but I will -
in this application describe a form which is

‘ective to accomplish the desired resulit.
In & drier characterized by my invention I

eff

employ.ﬂ, rotary drum suppmtud plefela,bly, |

in an ineclined position, the lowest portion of
the drum being at the discharge end. This
drum is provided on 1ts intel;*ior with a plu-

of b&llmﬂ* or lumping thereof.

employed.

rality of shelves or knives, which asthedrum

revolves pick up the material and drop 1t
through the stream of heat, thereby ef]

‘ecting
an lmtial rapid-drying, and breaking up or
dividing of the material and the prevention
These shelves
or lmives in thisinstance increase iu number
from the feed end of the drum to the dis-

charge end—that is to say, at the feed end
__thele will be the fewest number of these

shelves and at the discharge end the greatest
number. This armngement is adopted in or-
der that the material when it first enters the
drum will be picked up in large masses and
be subjected to the greatest lleat and as 1t 18
moved or worked Lowmd the dlS(,hM o end
of the drum the inereased number ot thesec
shelves or knives will operate to break up
and finely divide the material being desic-
cated, while the nearness to each other of
the knweb or shelves at the discharge end
of the drum will effectually prevent any ball-
ing or massing of the material. The heat

..us-,ed for deblecabmg the inaterial may be

produced by burning gas or 0il, and where
oas is employed 1 use In con,]um,bmu with a
burner a carbureting apparatus and a grav-
ity -acting air fOIGlI]U‘ or blowing devme
which in this instance is an ordinary airome-
ter or receiver, although it is to be under-
stood that a positive fan or blower may be
The gas from the carbureting ap-
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paratus passes to a burner constructed some- .

what on the principle of a Bunsen burner
and is there mixed with a jet of air, the air

and gas thus mixed and ignited bemg forced

into the drum in a manner that wiil be ob-
vious. The inlet end of the burner is pro-

vided with an ordinary cut-off or regulating

disk, by means of which the amount of air
10 the combustion-chamber may be controlled

at will, and both the air-supply pipe and the

gAS- 5upply pipe are provided with a valve for

regulating, respectively, the supply ol gas
and of air to the combustion-chamber. The
feed end of the drum is closed by a head,
plane of which is at right angles to the axis
of the cylinder, through which opens the com-
bustion -chamber of smaller diameter than
the drum. Through this chamber is blown a
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high temperature and in a direction substan-
tially parallel with the axis of the drum.
‘I'he combustion-chamber has its sides sub-
stantially parallel with the axis of the drum,
thus causing the stream of heat, flame, gas,
or air to be projected in the drum centrally
without filling the whole cross-section of the
drum close up to the feed end. If the com-
bustion-chamber presented a material widen-
ing in the end toward the drum, the hot
flame, gas, or air would spread out and fill
the cross-section of the drum where it enters
it and materially interfere with the proper
action of the drum. Opening into the drum
above the combustion-chamber is a hopper,
through which the material to be dried is fed
into the drum. The discharge end of the
drum 18 of as large a diameter as any other
part of the drum and affords a free and un-
obstructed discharge. The rear or discharge
end of the drum is inclosed by a dust-ar-
rester consisting of a casing or hood con-
structed of foraminous or reticulated mate-
rial and terminating at its lower side in a
chute or discharge, the drum being provided
with a brush adapted to keep the top, sides,
and end of the arrester clean and free from
any accumulation of dust. This arrester and
also the rear portion of the drum are housed
In a dust-room, which is provided with a stack
and a suitable damper and also suitable in-
let-openings, through which atmospheric air
may pass to the roof of the dust-arrester to
cool or chill any dust which may escape from
the dust-arrester and cause it to settle to per-
mit of its being collected.

Fuarther and more specifiec details of con-
struction will be hereinafter described and
claimed. |

In the accompanying drawings, forming a
part of this specification, and in which like
letters of reference indicate corresponding
parts, I have illustrated a form or embodi-
ment of my invention, although it is to be
understood that other forms or embodiment
thereof may be employed without departing
from the spirit of the same, and in these draw-
ings—

Figure 1is a view in sectional elevation dis-
playing a drier embodying the essential fea-
tures of my invention. Fig.2 isa transverse
sectional view taken on the line 2 2, Fig. 1,
showing more particularly the feed-hopper
and the feed or disintegrating drum therein.
Fig. 5 1s a similar view taken on the line 3 3,
Fig. 1, showing more particularly the ar-
rangement of the shelves or knives on the in-
side of the drum. Fig. 4 isa similar view
taken on theline 4 4, Fig. 1, showing the per-
forated plate for regulating the supply of air
to the burner. Fig. 5 is a view in elevation
of a modified form of drum.

Referring to the drawings, A designates a
drum which may be of any suitable material,
preferably of iron, having its inlet or feed end
closed by a head or plate a, the same being
held in position against the drum by means
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of bracesa’and its exitordischarge end open.
The drum is shown in this instance snpported
In an inclined position, with the exit or dis-
charge end lowest, and isdriven by means of
a gear-wheel ¢° on the shaft of which is
mounted a pulley a® by which power may be

transmitted from any suitable source. Mesh-

ing with the gear ¢?is a gear a*on the drum.
The drum is supported for operative move-

ment upon two wheels or rollers a@® and af, the

same being engaged by bands a* ab, secured
around the dram. The periphery of the
wheel af is smooth; but the periphery of the
wheel a’is provided with two flanges, between

which the band a® works, so as to prevent

longitudinal movement of the drum when the
same 18 rotated. The rear end of the drum
is incased by a hood or dust-arrester B, con-
sisting of frames orstandards b, to which the
hood B is secured, the same being about
three-quarters of a circle and open atits bot-
tom, so that the material may escape down a
chute 0° to a suitable receptacle. The top,
sides, and one end of the hood are constructed
of any suitable material, such as foraminous

or reticulated screens, and the same are kept

free from accumulation of dust by means of
an L-shaped brush o’ carried by the discharge
end of the drum. Thus as the drum is re-
volved this brush will secour thesides, top, and
end of the hood and clear the meshes or holes
thereof from dust. The dust which escapes
to the outside of this hood passes into a dust-
room C, in which the rear portion of the druin
1s incased, the room being an ordinary cham-
ber provided with a stack ¢ for carrying off
the vapors and with a damper ¢ The top
portion of this room is provided with a series
of openings ¢’, by which atmospheric air can
pass to the interior of the room and chill and
settle the dust afterward to be collected.
Secured to the interior of the dram and lon-
gitudinally of 1t8 length is a series of shelves
or knives a', the function of which is to agi-

tate, pick up and drop, and separate or di-

vide the material as it passes through the
drum, and thereby present the material con-
stantly to the action of the heat. These
shelves progressively increase in number to-
ward the discharge end of the drum—that is
to say, at the feed end there will be, say, eight
of these shelves, a little farther on sixteen,
and at the discharge end thirty-two, or this
number may be inc¢reased or diminished as
found necessary or desirable. As the mate-
rial enters the drum it is of course in its
most moist condition, and the shelves will
pick it in masses or bunches and drop it,
thereby causing an initial disintegration and
the subjection of the entire area of the mate-
rial to the action of the highest heat. Asthe
material works toward the discharge end of
the drum the inereased number of these
knives or shelves will tend to break up, dis-
integrate, or finely divide the dried or par-

tially-dried material, so that by the time it
has reached the discharge-cliute 4? it will be
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inafinely-divided state.
may be employed for feeding the material to
the drum, and in this instance I employ a

toothed feed or disintegrating roller a, ar-

ranged in a hopper o’ at the inlet or foed

end of the drum, the said hopper being pro-

vided with knives or projections a'®, coact-

‘ing with the teeth on the roller to break up
and at the same time force the material to
the drum, the opening where the material en- .

ters the drum being controlled by a gravity-

operating door or valve a', which, as will be

seen, will allow the material freely to enter
the drum, but will prevent its escape there-
from and will also in a great measure cut off
the escape of foul odors.

Connecting with the head-plate a is a com-
bustion-chamber D, in which enters a pipe e
from a supply of air under pressure and a
pipe f from a supply of fuel, which may be
either gas or oil.
the chamber d, surrounding the pipe e, will
In this instance
I have shown the fuel-supplyas coming from
a carbureting apparatus If, consisting of a

tank f%, centdlmnw oil, in which is arranﬂ'ed"-

a float 13, de%wned to deflect a current of air-
supply. t_hereto through a pipe %, opening
into an airometer or holder G, the latter be-

ing supplied with air through pipes / and 7*

from an air-forcing dewce H. 7The pipe &

“supports a safety- valve he, the lever /1* of.

which carries a depending arm 75, arranged

in the path of movement of the hood of the.
air-receiver or airometer, so that when the

receiver reaches a predetermined height the
arm N* will be lifted and allow the air being
forced from the pump to escape instead of en-
tering the recelver, thereby establishing and
mainta;ining.a uniform pressure of air and
fuel. Both the pipese and fare provided with

- valves ¢* and f'°, respectively, by which the

GO

supply ot gas aund of air to the combustion-
chamber may be regulated at will.  The rear
portionofthe Gombusmon chamberisprovided
with a perforated plate d?ad apted to be moved
toopen orclose openings d?in the rear plate of

‘the said chamber, g0 as to regulate the sup-

ply of atmosphenc air to the burner. The

combustion-chamber D is provided with the
- pocket d* for the reception of a thermometer
- d® by which the temperature of the chamber

may be determined. The combustion-cham-

ber, with its air and gas pipes, constitutes a
., compound injector—thatis tosay, an injector

~through which air and gas in predetermined

6o

or regulated quantities may be suppiied to
the dram.

Theoperationof the apparatusisasfollows:
Air from the receiver G and gas from the car-
bureter Fissupplied to the cor11b11$ti0r1-cha,m—
ber and there mixed and lighted. Asthesup-

ply of air to the carbureter and to the pipe K
are from the same source it follows that the
supply of each is exactly proportionate, the
valves e* and f° being set at the same relation
- The supply of air and gas

with each other.

In case the latter is used

driven out and be carried o

1 by this form of drier.

Anysuitable means | is D(}Sltwe]y supplied and gravity controlled,

as the welight of the holdel of the mrometm
will by its weight operate to supply air under
pressure to the burner so that there will al-
ways be a uniform supply of air and gas there-
to, thereby avoiding fluctuation in the sup-
ply of heat with the corresponding variation
in the desiccating power of the flame. The
advantage of this arrangement will be obvi-
ous, for it will be seen that if the valves J°
and ¢ are set the degree of heat will remain
constant without any attention being paid it
through any length of time, providing, of
course, the supply of oil is maintained in the
carbureter and the pump H is kept at work.
The flame being now lighted, it will be pro-
jected into the drum any desired distance, its

' forece being regulated, of course, by the vol-

ume of air admitted to the pipe E. The ma-
terial is now fed to the hopper ¢, and as it
passes into the drum 1s met by an intense
heat, which will serve rapidly to dry the ex-
terior of the material, this initial heat being
what I term an ‘“‘inducted’ high temperature.

As often as the material drops it is caught by

theshelves a’and is again lifted and du}pped
being thus pmwresswely subjected tothe heat.
As the material approaches the discharge end
of the drum the temperature of the D‘oods will
gradually increase. Induected heat will as
the material passes through the length of the

drum penetrate to the center of the material,

and the slight moisture remaining will be
" by the gases of
[ow temperature near the discharge end of
the drum. As before stated, the shelves in-
crease in number toward the discharge end
of the drum, so that the material will be finely

‘broken up and divided before it escapes

through the chute 6*. I have found by prac-

| tice that moist fish can be thoroughly and ef-
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fectively dried without burning and that

oyster-shells may at one operation he caleined

as ‘hair and the like, are effectively drled
without being bmned as the direct contact

of the flame w1th the In&tel 1al 1s of such short

duration that before the moisture is thor-
oughly eliminated from the exterior it will

‘have passed beyond the zone of the flame and

will thereby be protected from scorching.
"I'he principle underlying this drier and

that which distinguishes it from driers of or-

dinary construction 18 that the supply of air

and heat are governed by gravity and by an

Other materials, such

I10

115

120

induced draft, and by the arrangement of

the burner at or near the point of entry of
the material 1t effects the rapid drying of
the material uniformly and continuously.

125

The heat may be so regulated that at the in-
let end of the drum the temperature will be

but a few degrees above the atmospheric
temperature and at the discharge end the

same as the atmospheric temperature, or it
may be raised to any number of degrees up

to two thousand or more. DBy thisregulation

of the heat different materials may be dried
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in the same apparatus, thereby extending its
range of usefulness and adapting it for differ-
ent usages. Moreover, by the regulation of
the heat swnall or large quantities of material
may be desiccated, as desired.

While I have shown the feed- -hopper and

feed-roller or disintegrating-drum in this in- |

stance as located at the mlet end of the ap-
paratus, it is to be understood that in some
instances I may locate the feed-hopper at

the inlet end and dispense with the disinte-

grating-drum and provide a hopper and a dis-
integrating-drum at the discharge end of the
apparatus. This arrangement will be found
advantageous where the material is in a very
wet or soft and mushy condition, as where
garbage has to be dried, and as this passes
through the drum or drier it will form into
balls or lumps. These will still contain a
high - degree of heat when they enter the dis-
integrator at the discharge end of the ap-
paratus and will be finely ground up or

divided and then be forced rapidly through

the air. As the surface of the material drles
whatever moisture it contains will come to
the surface and be evaporated.

While I have not shown the same herein,
it is to be nnderstood that the material fed to
the apparatus will be weighed or otherwise
measured, so that the bulk or body of the

material fed to the apparatus will be propor-

tionate to the volume of air and heat and
speed of travel of material through the drier.
In other words, the feed of air, feed of gas,
supply of feed of material, and speed of ma-
terial through the apparatus are all propor-
tionate, and all these steps are controlled by
gravity, for it will be seen that the weight of
the holder of the airometer will both regulate
and effect the feed of air and fuel to the com-
bustion - chamber. The material by its in-
herent weight will drop by grawty into the re-
ceptacle and when picked up by theshelves of

-theapparatus willdrop by force of gravity and

be progressively fed through the apparatus,

~providing the apparatus rotates uniformly.

In other words, as the material becomes
dry, and consequently lighter, the force of
the blast will have a proportionate greater
effect upon the goods to drive the same
through the drum. The speed of travel of
the material through the drier is dependent
upon the effect upon it of the blast and the
rolling of the pieces down the inecline of the
pile of goods in the drum. Given a blast of
hot air and flame having a certain pressure
the effect of this blast upon the pieces will

- be inversely proportionate to their weight

60

surrounding any particle of material.

and superficial area modified by such redue-
tion of the driving force of the blast as will
result from the condensation of the hot gases
The
dry plece or pieces nearly dry will have lit-
tle or no effect to condense the hot gases
and will consequently be driven out of the
flame so quickly as not to be burned. As

708,946

| goods will cause the particles to roll down

the incline and be driven out of the drum by
gravity. 'Thus the power and work are bal-
anced at all stages of the operation. The
drum being set in rotation and the flame ad-

justed, the goods to be dried are fed into the

drum through the hopper at a suitable rate.

- T'hey fall, therefore, in their wettest condi-

tion through or near the hottest part of
the flame. On account of the position and
shape of the combustion-chamber the feed
end of the drum is not filled by the flame,
and the goods fall through the flame to the
cooler part of the drum without being raised
to the point of scorching, the time during
which the material is exposed to the direct
action of the fire or hottest air and the time
during which it is not exposed to the direct
action of the fire or hottest air bearing such
a relation to one another that the material
will not be raised in temperature to the igni-
tion - point. The pleces are more or less

‘broken up by falling on the sharpened edges

of the shelves, which as the drum rotates
pick them up and drop them again through
or near the flame or hottest air. They are

also disintegrated by the action of the heat

expanding theinclosed moisture. The goods
are thus' gradually dried and by means
shortly to be described are moved toward
the discharge end of the drum, being sub-
jected progressively toa lower degree of heat,
and are finally discharged from the drum as
dry as may be desired. The progression of
the goods is caused by four means: first,
by the force of a blast of flame or hot air;
second, by the rate of feed, for the greater
this rate the greater will be the piling up of
the goods at the feed end of the drum and
the greater the slope of their surface toward
the dlscha,rcre end, so that every time a piece
is raised by the shelves and dropped it will
tend to roll a short distance toward the dis-
charge end; third, by the slope of the drum,
which will act as in the last case; fourth, by
the rate of rotation of the drum, which will
increase the number of times per minute
each piece is dropped, and hence its speed
of progression to the discharge end. Of
these the first two are found to be sufficient
to control the proper action of the drier,
and by regulating the inclination of the dis-
charge end of the cylinder according to the
character of the material being dried the
regulation of these two means will be all that
18 necessary. 'T'hefirst is so important in its
action that it will be especially desecribed.
Of the various materials usually treated in a
drier the larger and heavier usually contain
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the greatest amount of moisture, and as the

heat received by a particle in a given time
depends on the surface, whereas the amount
of moisture to be evaporated depends on the
volume, we see that it takes a longer time to
dry the larger and heavier pieces than it does
to dry the smaller and lighter ones. Now the

the drum rotates the incline of the pile of | larger and heavier the pieces the less will they
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he deviated by the force of the blast as they
fall through or near the flame and the more
slowly, therefore, will they progress toward
the discharge end of the drum. Asthe pieces
become drier and more broken up they be-
come lighter and are more affected by the
blast of the flame. This method of discharge
18 of extreme importance, as it causes the
rapld discharge of those pieces which are rap-
1dly dried and allows the pieces requiring a
longer time to remain longer in the drier.

Indeed, it regulates the dlschfm oo of the va-
rious pieces as they reach the proper degree
of dryness so well that goods containing
‘erent sizes and very chifet-
ent natures may be put into the drier at the
same time and all be discharged properly
dried. The small section of the blast at the
feed end canses greatforceof blastand drives

small light objeects rapidly out of the drum,
preventing them from being scorched or

burned. The force with which pieces of the
goods aredriven along the drum depends also
on the strength and temperature of the blast.
By contact with the wet goods and otherwise

- the temperature of the blast is greatly re-

30

35

duced and the density of the gases of com-
bustion greatly increased, with a correspond-
ing decrease in the driving velocity of the
individual gas-molecules. This velocity is
also diminished by the fact that in the.case
of some fuels the gases of combustion at the

same temperature occupy a smaller volume:

than the gas and air before combustion.
Therefore the driving power of the blast di-
minishes progressively and rapidly from the

- feed end tothedischarge end ofithedrum. Not

40

- 1ng power.

onlyso,butthe wetter the goods the greaterthe
reduction of the temperature of the blast, and
therefore the greaterthe reduetion of its driv-
- Therefore other conditions being

~equal, the wetter the goods the more slowly

45

will they progress along the drum, and con-
sequently the longer will they remain in the
drum and be subjected to the drying action
of the blast. It is important that the direc-

- tion of the blast should be substantially par-
~allel to the axis of the cylinder for the pur-

50

pose of causing the goods to progress through
the cylinderortodrive them, if light enough,
out of the cylinder.

An important part of my invention is the

. use of a flame directly upon the goods for the

55
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temperature of the feed end.

purpose of drying and that at an extremely
high temperature. It is evident that the

- higher the temperature the more rapid the

drying. Moreover, thereisalwayssome heat
carried off by the hot air issuing from the
discharge end of the drum, and therefore the
smaller quantity of air discharging in propor-

‘tion to the amount of heat introduced into the

feed end of thedriim the greater the ecocnomy.
This proportion is reduced by increasing the
"The use of the
flame in the drum is far more economical than
the use of this same flame to heat air and

| ]

E

cylinder. Hot air forced into the cylinder
under pressure would lose heat on expansion
and could not, therefore, have the high tem-
perature with which it started, consequently

great waste; but the flame produces the high

| amount of absorbed vapor high. .
can always be kept large by keeping up the
temperature; but there is danger that the

ing” and ‘““heating” power.

temperature when the gas has lost its high

pressiure. - Consequently the waste does not .
og¢eur.,

Although I do not claim as my in-
vention the use of a high temperature, I do
claim that the practical use of the flame for
drying goods without injuring them has never
before been accomplished and that its use in
this connection is so novel and results in such
enormous economy and rapidity that it con-
stitutes an important invention. The very
high temperature of the blast at the feed ent
of the drum causes a very low density, and
hence a very small specific heat per unit of
volume. Therefore when it acts on the wet
goods and heats them and evaporates the
moisture its temperature is enormously re-
duced. In fact, we find the tewmperature
3,000° or 4,000° at the feed end and less than
200° at the discharge end. This enormous
drop 1n temperature areatly diminishes the

power of the air to hold the evaporated wa-

ter in solution, and as the goods are always
colder than the air in the dram thers is dan-
oer that the moisture taken up at the feed
end may be redeposited on the goods near the
discharge end, and thus frustrate the whole
purpose of the drier. The success of the op-
eration, therefore, requires that at no point
of the druam shall the hot air, gas, or flame
be so overcharged with vapor that molsture

will be redeposited or, what is equivalent,

that at every point of the drum the hot air,
oas, or flame shall always be absorbing mois-
ture from the goods. There 1s thus a pro-
gressive and continuous drying and heating
of the goods. The rate at which the hot air,
oas, or flame can absorb moisture from the
voods and heat them may be called its ““dry-
For conven-
ience we shall call it merely the ‘“power.”
It is greatest at the feed end, where the tem-
perature is high and where the amount of
absorbed vapor is small, and it continually
diminishes toward the discharge end, where
the temperature is relatively low and the
T'his power

ooods bescorched and even that they catchon
fire. At the feed end the very moist goods
drop through an intensely hot flame, but re-
main in it a very short time. . T'he heat of the
flame is used to warm them up somewhat and
to evaporate their moisture; butthey pass out

- of the flame into a cooler region before they

can be sufficiently heated to be burned. Kar-
ther down the drum the heat - blast spreads
until it fills alarger eross-section of thedrum,
and the goods therefore are constantly sub-
jected to its drying and heating power. If the

‘goods are moist enough, the steady evapora-

then to drive the air under pressure into the | tion of their moisture prevents them from be-
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coming too highly heated; but if even on the
surface they become too d1y they will quickly
be heated to a high temperature and be
burned. The rate at whwh energy1s being ab-
sorbed in evaporating moisture and heating
the goods may be spoken of as the ‘“rate of
_domg useful work ” or forconvenience merely
the ‘“work.” If the power is too great in coin-
parison. with the amouant of moisture in the
goods, the goods will be highly heated and
burned. (This will not be so when the tem-

perature of the hot air or gas is so low that it |

could not burn the goods under any circum-
stances; but then we would be workingat very
Inefficient and uneconomical temperatures,
and this would be commercially impractical.)
On the other hand, if the poweristoosmallin
comparison with the work to be done either the
goodswillnotbedried or moisture mayeven be
redeposited onthem. It is evident, therefore,
that the power and work must be substan-
tially balanced at all points of the drum.
The balancing of the power and work so

‘that the material will be thoroughly dried

and not burned is accomplished by regulat-
ing the amount of goods fed to the driving-
cylmdel the force of the flame and the for(,e
of the air-blast, and the ineclination of the
dram. It is impossible to state any exact
rule by which this ean be done; but any one
skilled in the art of drying would have no
difficulty in so regulating these different ele-
ments as to aecomphsh the desired result,
which 1s to balance the power and work. The
fact that the power and work are balanced
in all parts of the drier is shown to the op-
erator by the fact of the goods coming out at
the discharge end of the drum properly dried,
and when they do so come out he knows that
the power and work are balanced. If the
goods come out moist, it shows that there is
too much work for the power, and therefore
either the power must be increased or the
amount of work diminished. On the other
hand, should the goods come out scorched it
shows that the power is too great for the work,
and either the power musb be decreased or
the amount of work increased. In other
words, when the powerand work are balanced
at all points in the receiver the goods come
out of the receiver properly dr 1ed and they

are not properly dried—that is to say, they

are either too moist or scorched—when the
power and work are not balanced.

In Fig. 5 1 have shown a form of drum in
which the fine particles of material may be

separated from the coarser particles and be
removed from the drumn, so as to obviate
waste of heat and also injury to the material.
1o effect this, I employ screens or sieves in

“the length of the drum, one of these screens,

[, bemﬂ' located preferably about the middle
of the lenﬂ'th of the drum and the other, /?,

- at the dlsc,ha,rﬂ'e end. By this means all the._

finer dry ma,terml can be separated from the
coarser damp material, which will be sub-.

jected to a farther dlsmtefrmtmg process, |

T
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consisting in this instance of a disintegrat-

ing- drum 4 in a hopper 2° at the discharge end
of t,he drum. As will be seen by refelenee to
Fig. 5, the discharge end of this hopper curves
Upwald and ounwa,rd so that as the material
is thrown out by the dlsmtegmtmﬂ' drum 7 it
will be scattered out in a sheet, so as to ef-
fect the final drying. |

Having thus described my invention, what
Iclaimas new, and desire to secure by Letters
Patent, is—

1. The process of heating matel 1als contin-
uously without burning for the purpose of
drying or treating, whieh consists of drop-
ping the same through flame intermittently,

and thensubjecting the material togradunally-

deehmnﬂ* heat, substantially as described.

Q. The method of heating materials without,

burning for the purpose of drying or treating,

which consists of subjecting thesame initially

in large bulks, with agitation, to the action
of high heat, and then in gradually-diminish-
Ing bulks to progressively-deereasing heat,
and increasing agitation whereby thoroughly
to dry the substances, and at the same time,
finely divide the same, substantially as de-
scribed.

3. The method of heating materials mthout
burning for the purpose of drying or treating,
which consist,s of subjecting the goods to stie-
cessive portions of a flame of diminishing in-

tensity.

4. T'’he method of heating materials without
burning for the purpose of drying or treating,
which consists of subjecting the goods to suc-
cessive portions of a flame of diminishing in-
tensity, and agitating the materials in the air.

5. The method of heating materials without
burning for the purpose of drying or treating,

which consists of dropping them through, or

near, flame intermittently to heat them and
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prowresswely decreasing the heat substdn- |

tially as deseribed.

6. The method of heating materials mthout
burning for the purpose of dr ying or treating,
which_consists of subjecting the pieces to the
direct or direct radiant action of a blast-flame

for a period of time dependent upon and con-

trolled by the moisture to be evaporated.
7. The method of heating materials with-

I10O

II§

out burning for the purpose of drying or treat-

ing, which consists of subjecting the material
1nteLm1tteutly to the direct or direct radiant

~action of flame, the period of subjection to the
“highertemperature, and the period of subjec-

131011 to the lower temperature, being so pro-
portioned that the temperature of the mate-
rial will never rise to the ignition-point.

I20

125
S. The method of heatmn' materials with-

out burning for the purpose of dryingor treat-
ing, whieh. consmts of subjecting the materials

to the direct or direct radiant action of flame
and a blast for a period of time dependent
upon and controlled by its weight.

9. The method of heating materials with-
out burning forthe purpose of drying or treat-
ing, which consmbs of subjecting the materials
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to the direct or direct, rftdm,nt action of ﬂmne [ treating,

and a blast for a period of time dependent
upon and controlled by its weight, and the

“amount of moisture to be evapomted

10. The method of heating materials with-
out burning forthe purposeofdryingor treat-
ing, which consistsof subjecting the material

~intermittently to the direct or direct radiant

10

~action of flame for a period of time depend-

ent upon its weight, and the speed of feed.
11. The method of heating material with-

“out burning for the purpose of drying or treat-

20

ing, whieh consists of subjecting the material
to the direct or radiant action of a flame, the

work and the power being substauntially bal-

anced at all stages of the process, substan-
ma,lly as desenbed |
The method of heating materials with-

_oun burnmﬂ' forthe purposeot drying or treat-

ing, which consists of subjecting the matermlb
to be heated to the direct or radiant action of

a flame for a period of time, then withdraw-

ing the material from the action of the flame

~at a speed directly proportional to ‘the tem-

25

36

perature of the flame.

13,
out burning for the purpose of drying ortreat-
ing,which consists of subjecting the materials
to be heated to the direct or radiant action of

a flame intermittently, and sub,]e(,t,u]t:r the |

. material to the action of the flame in quantity
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~driven by the blast away from the
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substantially propm tional to the ‘rem perature

of the flame.

14. The method of heating materials withi-

outburningforthe purpose of drying or treat-

ing, which CDHbIStS of subjecting the inaterials
to be treated tothe direct or radiant action of
a flame, and then subjecting successive por-
tions of said materials to constantly-declining
temperatures, in quantities substantially pro-

portional to the temperatures, and simulta-

neously feeding fresh material to the flame.
. 15, The method of heating mixed materials

of varying size and weight, without burning,

for the purpose of drying or treating, which

consists of subjecting the material to be
treated to the direct or
flame and blast, intermittently passing the

radiant action of a

materials through the flame and blast, where-

by the lighter and drier materials will be |

g

ame to-
ward - its point of minimum temperature,

~while the heavier particles will be driven pro-

portionally & less distance..
16. The method of heating material with-

out burning for the purpose of drying or
treating, which counsists of subjecting the

greatest quantity of material to be dried in
1ts highest heat-absorbing condition, to the

direct, or radiant action of a flame atits point

of maximum temperature, and gradually re-
ducing the quantity as the temperature of

the ﬂcm]e diminishes, substantially as de-

bGI 1bed

. The method of heamnﬂ‘ materials with-
Out burmnﬂ'_for the purpose of drying or

The method of hedtmw materials with-

........

‘which consists of subjecting the
oreatest quantity of material to be treated,

inits highest heat-absorbing condition, to the'

direct or radiant action of a flame, a! it point
of maximum temperature,intermittently sub-
jecting the material to the direct action of

the flame in constantly-declining quantity as

the temperature decreases.
- 18. The method of heating materials con-

tinuously without burning, for the purpose
of drying or treating, which consists of sub-

jecting the maximum quantity of material to
be heated,; in its highest heat-absorbing con-
dition, to the direct or radiant action of a

ﬂetme, rmdudlly withdrawing the material.

from the action of the hottest flame and sub-

jecting 1t in constantly-reducing mass to a

oradually-reducing temperature, and simul-

‘taneously supplying fresh material in it

highest heat-absorbing condition.
19. The method of he&tmﬂ' 1:;11?.6(1 materials
of varying size and weight, withoub burning,

for the purpose of drying or treating, which
consists of subjecting the greatest quantity

of material to be heated, in its highest heat-
absorbing condition, to the direct or radiant
action of a flame at its point of maximum
temperature, intermittently passing the ma-
terial through the flame, whereby the lighter
and drier materials will be driven by fthe

‘blast of the flame from the point of maximum

temperature of the flame toward its point of
minimuom temperature, while the heavier
particles will be driven a less distance from

the point of maximum temperature of the-

flame.

20. The method of drying material which
consists in subjecting the wettest goods to the
direct action of flame for a period of time de-

‘pendent upon and controlled by their con-

tained moisture, and then withdrawing them
from the action of the flame, and then sub-

jecting them to a gradually-decreasing tem-

perature.

21. The method of drying materials which
consists of subjecting the wet goods to the
direct action of flame for a pericid of time de-
pendent upon and controlled by the contained
moisture, and then automatically withdraw-
Ing them from the action of the flame.

22. The method of drying materials which

consists of subjecting the wet goods to the
a period of time
dependent upon the contained moisture, and
regulating the effective temperature of the

direct action of a flame for
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flame upon the goods, by regulating the quan- -

tity of goods fed to the flame.

23. The method of drying materials which
consists of subjecting the wet goods to the

125

direct action of a flame for a period of time -

dependent upon and controlled by their con-

tained moisture and then withdrawing them

from the action of the flame automatically by
agitation and blowing.

94. The method of dwnw ma,ter als which

| consists of subjecting the wet goods to the
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direct action of a flame for a period of time | goods by regulating the quantity of goods fed

dependent upon and controlled by their con-
tained moisture and then withdrawing them
from the action of the flame by agitating an
Inclined mass and blowing.

20, The method of drying materials which
consists of subjecting the wet goods to the
direct action of a flame and regulating the
effect of the flame upon the goods by regulat-
ing the quantity of goods fed to the flame.

26. The method of drying materials which
consists of subjecting the wet goods to the
direct action of a flame for a period of titne de-
pendent upon their contained moisture, and
regulating the effects of the flame upon the

to the flame.

27. 'T'he method of drying which consists of
subjecting the goods while passing through
the drier to the direct action of a flame and
hot air, while so maintaining the relative tem-
peratures of the air and goods that the air
will always continue to absorb moisture.

Signed by me, at Baltimore city, State of
Maryland, this 22d day of May, 1901.

ABRAHAM T. WELCH.

Witnesses: |
HowARrRD D. ADAMS,
NORRIS IF. CLARK.
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