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My invention relates to meth@ds of mix-
ing furnace charges and to the mternal con-
struction of rotat@ry and oscillatory mlxmg
TUrnaces.

5 A purpose of TRy mventlon 1s to turbulent-
ly mix the eharge in a rotatory or oscillatory
furnace more vworously than has previously
been possible.

A further purpose is to eause the charge in

I a mixing furnace to follow a path durmmg each
revelution substanti ally longer than: the inner
cireuntference of the furnace.

A further purpose 1s to spirally dispose op-
p@ﬁltelv directed mixing vanes in the hnmg

15 of a mrxing furnace.
A further purpose 1s to construct a 1ab3r-

rinth path for the charge between adjacent

oppositely directed vanes by extending one

vane from one end of the furnace part of the
23 way only to the other end of the furnace, and
running the next vane from the latter end
part of the way only to the first, so that the
charge will frequenﬂy change its direction
of flow.

A further purpose is to make the radial
inward extension of a mixing vane less than
the depth of the charge pool when lying in
the bottom of the furnace so that the charge

[ O otk
~ivd

will repeatedly fold and lap over 1tself asthe.
26 furnace rotates instead of merely ﬂowmg*

bodily ower an irregular surface.

A further purpose is to overflow the charge

carried up. by each vane in the form of a

thin sheet, and to rumple up the sheet against
25 the next vane in the advancing quadrant of

the furnace in contact with the charge flow-
ing longitucinally of the furnace a,cramst that

vane, to inject the high Velomty overtlow
stream into. the low velocity longltudmal_-

40 stream.
A turther purpose 1s to arrange the stirring

vanes in a mixing furnace so. that portlons

of the charge: will be directed by one vane

against the ext succeeding vane at a point:

43 near that at which the next vane projects-from
the end wall, and, after abruptly changing dz-
rection, will be carried along that vane: gen-
erally lencrltudmally of the furnace toward
the opposite end wall before they can progress
radially to any substantial extent.

Serial No. 500 555

A further purpose is to cascade chflrge ma-
terial from one vane to another on the ad-
vancing side of a furnace before the charge
can join the pool in the bottom of the furna,ce
and to inject the cascading flow at h1gh 55
velocity 1mto the pool when it reaches the
surtace of the pool.

A further purpose is to rotate the uddled
ball in an axial direction to make it Spherlcal
rather than ellipsoidal. -

Hurther purposes will appear in the spem-.
fication and in the claims.

In the c rawings I 1llustrate one of many
possible forms embodymg my 1invention,

60

choosmrr a form which is advantageous in 65

practlce and convenient for illustration and
for explanation of the principles involved.
Figure 1 is @ sectional elevation of a mix-

1ng furnace, the section being taken along

the iine 1-——-1 of Figure 2.

Figure 2 is a section of Figure 1 on the line
2——-—2 omitting structure in the background.

Flo'ure 3 1s a fragmentary sectlon taken on
the line 3—3 ot Figure 1.

Figure 4 1s a fracrmentary section taken 75
upon “the line 4—4 of Figure 1.

Figure 5 corresponds generally to FID‘HI‘E
2, omrttlng the external structure, and show- -
ing the furnace during the mixing of a
charo'e. o

Fig gure 6 is a Sectlonal perspectwe view of
the advancmfr side of the furnace during the
mixing of a charge Other structure s
omitted. - ’

Designers of mixing furnaces especmlly 85:
of puddling furnaces, “have prevlously sug-

70
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-crested the use of mlx:mg vanes of many char-

acters and forms. (zenerally these have ex-
tended longitudinally from: one end to the
other of the furnace, and have been con-
structed so that the cha’rge will be momen-
tarily dammed against the advancing edge:
of the vane, and will then flow in a thin sheet
across the vane as the furnace continues to
turn to permit the charge to rise abov& the
vane. 1 |
While much superior to a smooth lining,
mixing vanes of this type are inefficient be-
cause all parts of the charge to a large ex-
tent. retain. the same: relatmn to one another:. 100

05



10

15

20.

25

30°

35 'f

407 4

45"

00"

99"

60"

65 .

2

The same small portion will be repeatedly
mixed, while other parts of the charge will
not be kneaded and folded or lapped over
themselves.

It has been suggested th"lt the mixXing vane
should spiral contmuouslv along the furnace
wall. In some ways the continuous spiral
vane 1s much more advantageous than the
form having the vane ex*‘endmﬂ‘ directly
lonmtudmally of the furnace. -

A number of dlsmdvantacres are however
The mixing. vane should compel

apparent.
the charge to take a pqth much longer than
the furnace circumference, but in the con-
tinuous spiral form the path 1s only very
slightly longer because of the very flat pitch
of the spiral vane. The spiral represents the
diagonal merely of a trmnﬂf‘le having the cir-
cumference fOl one side, much lonoer than

the pitch, which 1s the other side. The spiral
c;hould not be continuious, because the mixing

1S much more advmhﬂemw 1t the charge be.

compelled to change its direction frequently

I find that inter mmfrlmo' and then inter-
‘mixing charge taken from one place with

chﬂure from another place 1s very much
better than merely spirally progressing
them. In this way, as the portions of charge
are carrled over the vane or compelled to

-change direction, they will become thorough-

ly mixed to produce a uniform composltlon

I preferably bring together portions of

ch‘lrcre moving at different velocities.

BV my invention I combine numerous de-
sirable features lacking 1n previous furnaces
of this type in a constr Action which 1s easy to
build, sturdy in use, and convenient to repair.

Amonﬂ the adv‘mtageous features to be
found in my form, I may mention the follow-
ing:. (1) during ‘each rotation the charge
traverses a 10110' path, several times
length of the circumference of the furnace:
(2) the charge frequently changes direction
abruptly; (3) parts of the charge How 1In

sheets over the mixing vanes and are then.

rumpled up before bemo mixed farther;
(4) charge from one p]aw 1s projected into
contact with that from another place; (5)
the charge is kneaded, folded and hppec
over 1tse1f (6) portions of the charge travel-
ling at very different velocities will be
brouo'ht together, as when charge falling
from high up on “the advancing side of tha
furnace meets charge trwelhno- long1itudi-
nally along one of the vanes, and penetratefs
by jet qctlon (7) charge from the acdvancing

sicle of the furnaee C‘ISC“IdeS 1nt0 chqrﬂ'e at'

the bottom of the furnace.
Referring to Figures 1 and 2, the furnfnce
COMPrises Uenerally an external metallic

casing 15 supported at either end by the

he‘LdS 16 and 17, braced at 18 and 19 from

the hubs 20 and 21. The hubs carry bands

22 and 23 which rest in and rotate or oscil-
late upon rollers 24 and 25 1n supports 26

around the burner.

the-
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and 27, so that the furnace may be rotated
or oscﬂlmed in either direction as desired.
The hub 21 also supports a driving band 28,
having gear teeth 29 engaging the drwmw
gear 30 on the shaft 31 of the motor 32, to
tum the furnace.

Suitable gaseous or hqmd fuel is admitted

~through the > burner 33 from the pipe 34, con-

tlolled b the valve 35.  Air is dmwn 1n

The products of com-
bustion from the furnace discharge through
the neck 36 into the flue 37 and up the stack
38. The flue and the neck are desirably

-sealed as at 39 1n any suitable manner so

that the furnace may rotate without excessive
loss of dratt.”

For charging and dlSChELI'D‘ng the fur-

nace has a door «’10 which may very desirably
be mechanically controlled by the electric
motor -and speed reduction units 41, as
through the driving connections at 42. The
motors 41 1mpart rotation to the screws 43,
supported in the bearings 44 of the collars
45. The collars 45 are pivoted at 46 to the
Iifting arms 47, pivotally secured to the fur-
nace casmo at 48. The lifting arms 47 are
secured to the door frame 40’ at the pivotal
and rotatable bearings 49.

The refractory lining 50 covers the mterior

- of the furnace body 15 At the inside of the

door the 1ef1act0ry material 51 may very
desirably be smooth in surface, since projec-
tions placed at this point would be likely to
interfere with the opening of the door.

At 52 I illustrate a large projection into
the furnace interior, and intend it to repre-

sent any of a number of projections which

may be found in mixing furnaces. I do not
intend the shape of this pr()]ectlon to be criti-
cal. Thus 52 may be a breaking wall, a lon-
oitudinal mixinn‘ vane, a
any other similar structure.

The use of an 1nterior projection as a skim-
ming dam is deseribed and claimed by me in
my 00pend1n application Serial Number
461,100, filed June 14, 1930. Skimmed ma-
terial will collect 1n the pocket 53 near the
door when the furnace is moved counter-

“clockwise about 180° from the position shown

in Figure 2. The skimmings may then be dis-
charged simply by opening the door.

The illustration of a SLlIIllIllnﬂ’ dam in the

dI‘ELWlIlG'S is intended merely to show that
this may be desirably combined with stirring
vanes in the same furnace.

~ The spiral mixing vanes 54 are desirably
built up of refractorv material extending be-
yond the surface of the lining. The vanes
run from the ends of the furnace at 55 to
points 56 near the opposite ends of the fur-
nace.

The pitch of the vane is pleferably
quite steep, and very desirably greater than
45° so that a considerable Component of the
velocity of charge flowing along the vane

Skimminw dam or’
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will be longitudinal to project the charge
against the end of the furnace,

“As will be seen best in figure 4
of the vanes at 56 taper down from polnts

57 to po: nts 58, at which they blend with the
adjacent 1‘efractory lining. This enables the
charge to flow more readily over the vane
at the points 56 where 1t changes direction,
and at the same time prevents spalling and
cracking of the 1efract0ry materml at the
end.

It will be evident th‘lt the itch- of the
spiral of the vanes 1s very steep. This I con-
sider to be a distinct feature of utility m my
invention, as later explained.

When mV furnace is operated, a number
of very desn‘able Lypes of mixing will take
place. Assuming that the direction of rota-
tion in Figure 3 s clockwise, the vanes as
seen 1n I’lgme 1 will be on the advancing
side of the furnmace. The positions of any
vane progressively rising on the advancing
side are 54’, 54 and 545, Tt will be under-
stood that these positions are merely ‘“tI'bl-
trary ones along the circular path of each

vane, and that the fact that these positions

were chosen to couclde with the vanes 1n

Figures 1 and 2 is merely a convenience in
iThustration.

From IFigures 5 and 6 an approx* imate idea
of the way mixing will take place may be
formed. Of course the flow lines indicating

- AL L L.a_ | : ‘ i A, .{:j
the behavior of the charge are not intended to
be more than iilustrative, since they will vary

yj

]

With the size and shape of the furnace and

nd quanti-
h the speed of turn-

anes, with the density, viscosity a
ty of the charge, and wit
1o of the furnace.

Each vane as it SWeeps past the lowest

point of the furnace witl push be tore 1t a por-

tion of the charge in the pocket 59. When

the vane reaches the position 547, and even
before this time, charge material from the
f::l{et will flow over the vane toward the bot-

| tc}m of the furnace, because the size of the
pocket 60 in front of the vane will progres-

sivelv decreaze as the vane advan-es. The
sheet 61 of charge overflowing will fall be-
vond the vane into the pool 62 of charbe at

the hottom of the furnace or into the portion

of the charge being .Swept along by the next
vane.

The overflowing sheet of charﬂe material
will cause several kinds of mixing.

with charﬂe at the bottom of the furnace.

The sheet 61 of charge will fall af relatively

high velocity, while the pool 62 in the bottom
of the furnace will be substantially quiescent,

© 50 that tne sneet will penetrate as a jet into

the pool, mixing the sheet and pool.
When the sheet 61 strikes the 001 62 1t will

rumble up, sc that the varmﬂs parts of the

S-lﬂet will be mixed together. And, since the
surface of the vane is 1rrecruhr portlons of

. the euds

It will
53 place charge from the pocket 60 in contact

3

the sheet will lap and fold over themselves

 before the sheet falls clear of the vane and
All of these types of mixing
will occur below the pomtmn 54’, due to f&ll— -

into the pool.

1nge of the charge into the pool.

Mmmﬂ will be stlll further mcreased asthe
vane under di scussion moves to the position

542, Here the space 1n the pocket 63 abowve
the vane 54° will be even smaller than was
that in the pocket 60. Overflowing charge
will form in a sheet 64 and flow down. ‘lg‘&lIlS't
the charge in the pocket 60 below.

The charo'e 1n the pocket 63 will uﬂderﬂo Q-

‘Due to the hw‘h
velomty of 1ts overtlow sheet 64 with respect _

number of types ot Mmixing.

to the charge in the pocket 60, it will pene-
trate that charfre by jet action to some extent.
The sheet 64 will rumple up and the charge

in the pocket 60 will be kneaded, folded and
la,pped over 1tself, just as was the sheet 61
from the pocket 60 when it came into contact
with the pool 62 at the bottom of the furnace.

Part ot the sheet cf charge from the pocket

63 will strike against the surface of the hmng
or of the eharo'e 1n the pocket 60 and be de-
flected without substantial mixing in the
po-ket 60, merely changing its direction and

passing over the vane 54’ with the overflow
sheet from the pocket 60.

‘The process of mscadmﬂ mvolvmﬂ as it does
lapping and changing of chrectmn 1S Very

desirable from. the standpemt of thoroug .

mixing of the cascaded material.

Tt will be evident that the shest of charge' -
which penetrates the material in the pocket 60
will augment that material, so that more

charge will be supplied to the overflow sheet
from the pocket 60 than merely that expelled
because of the decreased volume of that

pocket on account of 1ts_ .*mgular._ ch.‘mﬂ'e of
position.

In the position 547 to some extent, and to a

oreater extent in the positions 542 and 543,
Charﬂa will flow generally longitudinally of

the f‘L“{I‘Il‘lCB from the points 55 to the points

TIn each of the pock ets 60
and 63, therefore, the charge will be moving *

56 on each vane.

10110'1131’11:1111311 of the fur'lace

Thus for e‘tample charge 66 1n the pocket
61 will reach the point 56 on the vane on

the position 542, and, since it has considerable
longitudinal Velomtv be projected against

Here 1t Wﬂl be -

the end wall of the fnrnace
kneaded, folded and lapped over itself as it
falls ao*amst the vane below in the position
b4,
change direction, with the consequent pro-
duction of eddies and swirls. Charge will
then centinue along the pocket 60 toward the

bottom of the furnaee} CT Join the overflow

sheet 61.
S1m11arly the portwn 68 of the charoe Wﬂl

1This portion 65 of
the charge cascades from the upper pocket to

the pool without undergoing intermediate
mixing with other charge to any great extent.

In the area 67 the charge will abruptly

o)
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4.

be carried from the vane in position 542
against the end wall, while an overflow sheet
69 will fall from the vane. Some of this
sheet will rumple in the pocket 63, while
other parts of it will cascade to the pool 62.

It will be evident that the path taken by
the charge flowing generally longitudinally
will be much longer than the corresponding
arc traversed by the vane. The path is simi-
lar to a labyrinth in which the charge must
travel back and forth from one end to the
other of the furnace before it can move angu-
larly the distance from one vane to the next.
For more effective variation of the stirring
produced, the vanes may differ slightly in
size and shape as shown.

The progress of the charge along the vanes
will not be as simple as this because the
charge 1n any pocket will constantly be aug-
mented by charge from the overflow sheet of
the vane above and will constantly be de-
pleted by charge supplied to the overflow
sheet from that pocket. The charge in the
pocket will constantly be stirred by the jet
action of the overflow sheet falling against
1ts surface, and will be agitated by cascading
metal travelling from vane to vane.

It will be evident that all of the kinds of
mixing discussed herein serve to take charge
material from one point and deposit it at
another point, and then to incorporate to-
gether these different portions of the charge.
The difficulty of observing occurrences in the
furnace makes it impossible to further ana-
lyze the behavior of the charge during mix-
ig. It will be understood that I do not re-
strict my invention to any theory of opera-
tion, but merely include a discussion of the
principles which I believe to be involved in
order to make more clear the disclosure of
my best form. | -

Figures 5 and 6 are to be considered only

as 1llustrations from which the operation
may be better understood.

While I have described the mixing as tak-
Ing place on the advancing side of the fur-
nace as 1f the furnace were being rotated
continuously in one direction, it will be
understood that the same type of mixing will
occur 1f the furnace be oscillated excent that
the advancing side will change from time
to time. | | | |

Of course all of the types of stirring will
take place simultaneously rather than suc-

cessively, but for convenience I describe the

occurrences as displaced in time from one
another.

When the puddled ball has been formed
my mixing vanes serve an additional purpose,
for they cause the ball to roll axially with
respect to the furnace, as well as circum-
terentially, making it assume a spherical
rather than ellipsoidal shape.

Doubtless considerable advantage from

path.

1,897,647

the angles of the mixing vanes to suit special
uses, or by placing them differently with re-
spect to the lining of the furnace. In par-
ticular this might be desirable with a charge
whose viscosity varies considerably from that
of wrought iron, for which the structure
shown 1s well suited. | o

In view of my invention and disclosure
variations and medifications to meet in-
aividual whim or particular need will doubt-
less become evident to others skilled in the
art, to obtain part or all of the benefits of
my invention without copyving the structure
shown, and I, therefore, claim all such in so
tar as they fall within the reasonable spirit
and scope of my invention.

Having thus described my invention, what
[ claim as new and desire to secure by Letters
Patent 1s: . ' o
1. 'The method of mixing a wrought iron
puddling furnace charge in a cylindrical fur-
nace, which consists in flowing a portion of
the charge in a narrow stream around the in-
ternal circumference of the furnace and also

endwise of the furnace in reversing the di-

rection of endwise travel and in reuniting the
narrow stream to the remainder of the charge.

2. The method of mixing a furnace charge
which consists in flowing part of the charge
along a zigzag path with frequent abrupt
changes of direction while concurrently
rumpiimg sheets of charge against the sur-
tace of the part of the charge traversing the

8. The method of mixing a furnace charge
which consists in flowing part of the charge
along a zigzag path with frequent abrupt
changes of direction while concurrently
rumpling sheets of charge against the sur-
tace of the part of the charge traversing the
path and progressing the charge transverse
to the path.

4. The method of mixing a furnace charge
which consists in cascading part of the charge
under the action of gravity with frequent
changes of direction into contact with the
surface of a relatively quiescent part of the
charge. _ ' '

9. The method of mixing a furnace charge
which consists in flowing part of the charge
generally horizontally and jetting another
part of the charge vertically into the part
flowing horizontally to mix the two parts to-
gether. -

6. The method of mixing a furnace charge
which consists in flowing part of the charge
generally horizontally, jetting another part
of the charge vertically into the part flowing
horizontally and lapping the combined flow-
ing and jetted charge over itself to incorpo-
rate the two parts.

7. The method of mixing.a furnace charge
which consists in flowing part of the charge
generally horizontally, jetting another part
of the charge vertically into the part flowing
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horizontally and successively sheeting the
combined flowing and jetted charge and
rumpling up the sheet to incorporate the two
arts. |
' 8. The method of mixing a turnace charge
which consists in flowing part of the charge
generally horizontally, jetting another part
of the charge vertically into the part flowing

horizontally and abruptly reversing the di-

rection of the combined flowing and jetted
parts to incorporate them.

9. The method of shaping a puddled
wrought iron ball against a suriace which
consists in rolling it along a zigzag path over
the surface. -

10. The method of shaping a puddled
wrought iron ball in the interior of a lined

endwise of the furnace, in reversing the di-
rection of endwise travel, a plurality of times
for each rotation of the furnace and in re-
uniting the narrow stream to the remainder

of the charge. - _
- CHARLES HART.

cylindrical mixing furnace which consists in

rolling it over the lining alternately in di-

' rections oppositely substantially diagonal to

the furnace axis.

11. The method of shaping a puddled ball
in the interior of a lined cylindrical mixing
furnace which consists in rolling 1t over the
lining alternately in directions oppositely
substantially diagonal to the furnace axis,
while arcuately progressing the ball 1mn a
direction opposite to one component of the
velocity of rolling advance by rotating said
furnace. |

12. In a rotatory or oscillatory mixing fur-
nace, a furnace body, a furnace lining within

the body, and a plurality of oppositely

spiralled mixing vanes projecting irom the
lining. _

13. In a rotatory or oscillatory mixing fur-
nace, a furnace body, a furnace lining within
the body, and a plurality of oppositely
spiralled mixing vanes projecting from the

lining and alternatively extending from re-

spective ends of the lining part only of the
distance to the opposite ends.

14. In arotatory or oscillatory mixing fur-

nace, a furnace body, a furnace lining within
the body, and a plurality of mixing vanes pro-
jecting from the lining and discontinuous at
staggered points about the lining, each vane
extending the greater

15. In a rotatory or oscillatory mixing fur-
nace, a furnace body, a furnace lining with-
in the body, a plurality of oppositely
spiralled mixing vanes about the lining and
a projection from the lining extending lon-
gitudinally of the furnace. |

16. In a rotatory or oscillatory mixing fur-
nace, a furnace body, a furnace lining within
the body and a plurality of oppositely
spiralled mixing vanes about the lining hav-
ing a pitch angle greater than 45°. '

17. The method of mixing a wrought iron

puddling furnace charge in a cylindrical fur-
nace, which consists in flowing a portion of
the charge in a narrow stream around the in-

65 ternal circumference of the furnace and also
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