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Fred T. Kern, Milwaukee, Wis.
Application December 3, 1947, Serial No. 789,459
(ClL 209-—210)

3 Claims.
1

“'This invention relates to improvements in de-
vices for classifying and separating solids, liquid
in suspension, and depositing or settling there-
from.

" In devices of this type, the minimizing of tur-
bulence and control of the flow of the suspension
as to both direction and velocity, is highly im-
portant and has been accomplished in the past,
if at all, only by expensive and complicated ap-
paratus not adapted to rigid and severe operating
conditions and not suited for use with a large
variety of solids of different size and physical
characteristics.

"It is an object of this invention, therefore, to
provide a device to accurately and adjustably di-
rect and control the flow of a liquid suspension
of solids to achieve desired deposition or settling
of solids, which device is of simple, rugged and
comparatively economical construction.

A further object of the invention is to pro-
vide a device which in addition to controlling the
flow of a liquid suspension to obtain depositiion
or settling will also automatically discharge ac-
cumulated solids, in such manner as to mini-
mize disturbance of the suspension flow and to
avoid discharge of any of the suspension.

*- A still further object of the invention is to pro-
vide a positive and efficient control device for the
discharge of accumulated solids, which is auto-
matically responsive to the rise above a. given
maximum or dropping below a.given minimum
of the accumulated solids.

“To accomplish these objects, there is provided
a plurality of tanks associated in series and in-
creasing in the cross sectional area of flow path:
from ‘the inflow tank to the outflow tank. In
each tank the flow of the liquid suspension is
directed in a downward and upward path in order
to‘increase the depositing or settling of the
heavier solids and collection thereof at the bot-
tom of each tank. Because each subsequent tank
is of larger cross sectional area of flow path, the
velocity of the flow decreases thus permitting the
lighter solids not settled or deposited in previous

tanks to settle or deposit in the subsequent tank. 4

An adjustable baffle is placed in the upper por-
tion of each tank and controls the depth of the
downward path, the cross sectional area of the
path of flow and to some degree the direction
of flow thus also controlling the velocity of flow
within each tank. The outflow from each tank
is'spread by means of a launder across the larger
édge of the next tank thereby providing a quiet
inflow which does not unnecessarily disrupt the
depositing or settling of solids. 'Thus by the use
of simple and rugged tanks with an adjustable
baffle the flow of liquid suspension can be ad-
justed and directed to obtain desired deposition
of solids to a higher degree of accuracy than
heretofore obtained. :

" Each tank is provided with a settling area and
2 discharge gate, the latter being controlled by a
variable volume chamber responsive to the pres-
sure of accumulated solids within the tank.
When the settling solids have accumulated to a
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predetermined upper level, the gate will open and
a 'part of the accumulated solids will be dis-
charged until the lever thereof reaches a prede-
termined lower level. The gate is then closed
before the level or solids is too greatly changed
to materially disturb the flow path of the liquid
suspension or permitting a material portion of
the suspension to escape.

“Objects and advantages other than those above
set forth will be apparent from the above de-
scription when read in connection with the at-
tached drawings, in which:

Fig. 1 is a top plan view of a tank arrange-
ment forming one feature of the present inven-
tion; .

Fig. 2 is a cross section taken on the plane:

II--I1 of Fig. 1;

Fig. 3 is a section taken on the plane ITI—IIT
of Fig. 1;

Fig. 4 is a perspective view of one of the tanks
of Fig. 1;

Fig, 5 is a view, partially in section and par-
tially in elevation, of a gate and gate operating
means for discharging material from a tank;

Fig. 6 is a bottom plan view of Fig. 5;

Fig. 7 is a partially sectional and partially ele-
vational and somewhat diagrammatic view of a
portion of means controlling gate operation;

Fig. 8 is an enlarged view of a portion of Fig. 7;
and : .

Fig. 9 is a diagram of the electric connections
controlling the gate operating motor.
~Referring particularly to the drawings, refer-
ence numerals 15, 16 and 1 generally desighate
any desired number of open-topped tanks of dif-
ferent sizes and connected in series. The tanks
are progressively larger in total eross section area
from the inflow end of the tank series at tank 17
to the outflow end of the series at tank 15, the
tanks being severally wider, that is, larger in the
dimension transverse to the direction of flow of
the material through the tanks, but substantially
the same dimension in the direction of flow
through the tanks, which dimension is herein
considered the length of the tanks.

The several tanks are generally similar in con-
struction and only tank 11 will be described in
detail. Tank IT comprises s hopper type bottom
in which two side walls have. portions 2 {, 22 slop-
ing toward each other to a bottom 23 and par-
allel portions 24, 25. The other two or end walls
26, 27 are parallel and extending in a single plane
at right angles from the bottom 23. One or more
discharge spouts 33 extend from the bottom and
severally have a gate 34 mounted thereon as will
be described hereinafter.

An inflow quieting means or distributor 38
generally in the form of an open top box or
launder extends across the entire width of and
is mounted on the tank for receiving a suspen-
sion of solids in' & liquid, from a suitable source
by way of a conduit 39. The wall 40 of the in-
flow - distributor, toward the inside of tank, is
formed with apertures 41 dividing the flow into
& number .of separate streams of small yolume
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and uniformly distributed over the width of the
tank. The apertures may be slots uniformly
spaced in wall 40 or may be rows of circular
perforations as shown. If slots are wused, a
stream of relatively large size is obtained from
each slot whereas rows of perforations permit
further division of the streams so that the sus-
pension is homogenized in passing through the
perforations and the turbulence caused by flow
into the tank is minimized.

- A baffle 45 extending across the tank (see Fig.
4 particularly) is pivoted in bearings 46 on the
tank walls 26, 21. By swinging on its pivots, its
depth may be regulated and its angle of flow
direction altered to regulate the velocity and
direction of flow through the tank. The baffle
may be held in any desired position by adjustably
connecting an arm 41, which is fixed on the
baffle pivot, with an arm 48 pivoted on a tank
wall. The lower edge 49 of the baffle is turned
in the direction of flow through the tank and
the bafle as a whole provides means for ob-
taining a uniform flow across the entire flow
area in a tank and produces & non-turbulent
rising current moving toward the outflow side
of the tank.

The tank is also provided with a box-like ex-
tension generally designated 53 and receiving
the suspension flow from the tank over wall 21
which has a flange 54 extending into the tank
to form a weir allowing discharge of only the
relatively quiescent upper strata of suspension
across substantially the entire upward flow path
at the outflow end of the tank. From such re-
ceiver 53, the suspension discharges through
rows of perforations 55 in the receiver wall 56
and into the next tank. It will be understood
that the suspension discharging from a tank into
its receiver 53 has had removed therefrom a
portion of the solids as will be explained herein-
after.

Tanks 16 and {5 are generally similar to tank
{1 except for provision of a plurality of individ-
ual discharge spouts and gates for such spouts.
Tt is desirable to keep the weight of accumulated
solids and of suspension on any one gate below
a given value. The tank 16 accordingly is pro-
vided with three separate spouts while tank 15
has four separate spouts. However, the num-
ber of spouts may be varied dependent on size
of accumulated particles and other factors.
Tank 5 also has an offtake receiver 60 for the
suspension residue after passage of suspension
through all tanks and the bottom of receiver
60 is inclined so that all the residue may flow
into a waste conduit 61.

Although only three tanks have been shown
in the series, any number of tanks may be used
depending on the number of kinds or sizes of
material to be separated from the suspension.
Reference to Fig. 3 will show that the tanks are
supported on similar frames 65, 66 and 67 and at
different levels to cause flow of the suspension
from tank to tank by gravity. It will be under-
stood that the two or more spouts discharging
from any tank may be at any desired level and
may discharge into. the same or different con-
veying means.

Each of the discharge spouts is preferably
circular with an arcuate end with which a gate
34 is associated. The gate is substantially U-
shaped with the legs 10 of the “U” pivotally
mounted on the spout and with the bend T of
the U shaped to conform with the end of the
spout and provided with a notch 12 which is
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4 ¢
substantially an isoceles triangle in shape. The
gate opening is so placed that the apex of the
notch moves into registry with the spout open-
ing as the gate is opened. A yoke 13 is pivoted
on the legs of the gate and has a rod 714 ad-
justably connected therewith to permit some
lost motion of the rod relative to the yoke.

One end of rod 14 is connected with gate op-
erating means herein shown as a reversible elec-
tric motor 11 driving a speed reducer 18 having
a double shaft with a crank disk 19 mounted
on one shaft end. 'The gate oscillates only short
distances and the degree of overrun at the end
of each gate movement is to be minimized. One
end of the speed reducer shaft accordingly drives
a limit switch to interrupt the motor circuit
at desired times. Such switch is one of the
well known types of circuit breakers and makers
and is only diagrammatically indicated at 89
in Fig. 9.

The gates of any tank are preferably operated
by a single drive and the gates of any tank
are dependent upon the solids level in such tank
and each gate motor is controlled responsive
to the pressure of the solids bed at a given loca-
tion or locations in the tank. Where a tank has
a plurality of gates, a pressure responsive means
is associated with each gate and the means are
so interconnected as to join in controlling the
motor of such gates. The pressure responsive
means may be a variable volume chamber within
the tank itself together with means for trans-
mitting volume variations to the outside of the
tank, the wall of the chamber being flexibly re-
sponsive to the pressure of the accumulated solids
bed thereon. The variable volume or flexing
means actuates switch means in a controlling
circuit for the gate operating motor. One form
of variable volume means is shown in Figs. 7
and 8 in which a chamber 85 with a flexible por-
tion 86 is mounted to extend into a tank above
the gate to the minimum height at which the
solids bed is to be maintained. The chamber
contains a liquid ‘and a float 87 from which
a rod 88 extends beyond the end of the chamber
for movement of a member 89 for bridging either
contacts 80 or 91 when the float is in the low and
high positions respectively. The above pressure
responsive means is only one example of struc-
ture suitable for the purpose.

In the electrical diagram shown in Fig. 9, motor
17 is provided with a reversing switch 99, the
form of which is dependent on the type of motor
used. The motor is supplied with electrical cur-
rent from a power line 96 under control of a
magnetically operated switch 97 and limit switch
80 dependent upon energization of the coil 98 for
operating switch 97. A transformer 89 is con-
nected with the power line 96 and with the mem-
ber 89 and contacts 90 and 91 controlling ener-
gization of the switch coil 97.

In using the present structure, a suspension of
solids in liquid is supplied to the inflow distribu-
tor 38 of tank 17 and is discharged into the tank.
After the tank is filled to the level of the weir 34,
continued discharge into the tank creates only &
slicht turbulence in the suspension for a short
distance below the surface thereof. The suspen-
sion accordingly flows beneath the baffle 48 and
over the weir 54 into the outflow distributor 53
at a velocity which is substantially uniform as
regulated, over the entire cross section area and
for the full flow length of the tank. In such flow
through the relatively small width of tank 11, the
velocity of the stream is such as to deposit or




2,561,865

5

settle solid particles of a particular kind and size.
Flow through tanks 16 and 15 in series, is similar
to that above described for tank (7 except that
the velocity is successively decreased in tanks 16
and 19, both relative to each other and to tank
I1. Hence, the solid particles depositing or set-
tling in tanks {6 and {5 are progressively smaller
than those in tank i7. Hence materials of one
specific gravity, such as clay, may be separated
from a material of a different specific gravity,
such as sand, or other aggregate. One type of
material such as sand may also be separated into
three sizes.

As solids accumulate in a tank bottom, the
solids bed eventually rises around and above the
flexible portion 88 of chamber 85 and presses on
such portion to tend to collapse the same. The
liquid level and the float 87 in the chamber are
accordingly raised and rnise rod 88 with its elec-
trically conductive member 89 to bridge contacts
81 after the solids bed reaches a given level. The
circuit of the switch coil 88 is closed and switch
97 closes the circuit of motor 17 which swings the
gate 19, Ti clockwise to bring the apex of gate
noteh 12 into registry with the opening of spout
33 until the spout is completely open for discharg-
ing solids from the tank. Gate movement con-
tinues until motor eperation is interrupted by the
limit switch 82 which may be adjusted as desired.

Discharge of the solids continues until the low- ;

ered pressure of the solids about the flexible tube
portion 86 is overbalanced by the weight of dis-
placed liquid float 87, etc., and the flexible portion
is re-expanded to its original size. This occurs

before the level of the accumulated solids de- :

creases an appreciable amount below flexible tube
portion. Member 89 then moves away from con-
tacts 91 to open the circuit for coil 98 which al-
lows switch 97 to open. Toward the end of the
motor movement, limit switch 80 is opened and
reversed  and reversing switeh 95 is operated to
change the motor connectiong for operation in
clockwise direction. As soon as float 87 and
member 89 drop sufficiently to bridge contacts 90,
coil 97 is re-energized to close switch 97 and the
motor circuit is re-closed to swing gate 70, Ti
counterclockwise for closing. Gate closing con-
tinues until limit switch 80 reopens, whereupon
the circuit is placed in its original condition.

It will thus be seen that the present invention
provides a tank arrangement into which suspend-
ed solids are delivered uniformly across the entire
width of each tank and in such manner as to min-
imize disturbance of the flow in the tank. 'The
path of flow of the suspension through the tank
is controlled to secure regulated and uniform
flow in the entire cross-sectional area of the flow
and without forming non-flowing areas or “dead-
pockets.” The discharge from the tank is uni-
form and is taken from across the entire area at
the end of the flow path in the tank. The lost
motion in the gate drive insures gate movement
and the gate opening varies in size proportionally
to the gate movement. The gate is power oper-
ated in both directions of its movement and is
controlled by the pressure of the accumulated
solids bed to keep the bed between given mini-
mum and maximum limits for respectively pre-
venting “blow by” of the suspension and inter-
ference with the flow through the tank. The
present structure accordingly better meets the
required conditions for a continuous classifier
than is done by any structure now in use.

Although but one embodiment of the present
invention has been illustrated and described, it
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6
will he apparent to those skilled in the art that
various changes and modifications may be made
therein without departing from the spirit of the
invention or from the scope of the appended
claims.

I claim:

1. In a classifier tank for solids suspended in a
liquid, a tank for the accumulation of solids in
the lower portion thereof, a discharge spout in
said lower portion, an electric. motor controlled
gate associated with said spout for controlling the
discharge therefrom, and pressure-responsive
means for controlling said electric motor-oper~
ated gate comprising a chamber having a lower
flexible portion mounted in said tank above said
spout, and a float in said chamber operatively
connected with said electrical control means, said
chamber containing a liquid on the surface of
which said float is operable.

2. In a classifier tank having an electrically
operated discharge gate for controlling the dis-
charge of solids from said tank, the provision of
means responsive to the pressure of accumulated
solids in said tank comprising an elongated
chamber extending from above the normal level
of liguid in said tank into said tank and posi-
tioned above said gate, a flexible member sealing
the bottom end of said chamber, a liquid in said
chamber and said fiexible member, a float mov-
able in response to the change of level of the
liquid in said chamber, and means connecting
said float to the electrical control apparatus for
controlling said gate.

3. In a classifier tank having an electrically
operated discharge gate for controlling the dis-~
charge of solids from said tank, the provision of

‘Imeans responsive to the pressure of accumulated

solids in said tank comprising an elongated cham-
ber extending from above the normal level of
liquid in said tank into said tank and positioned
above said gate, a flexible member sealing the
hottom end of said chamber, a liquid in said
chamber and said flexible member, a float mov-
able in response to the change of level of the
liquid in said chamber, said chamber being ver-
tically adjustable to position said flexible member
at the desired minimum height at which solids
collected in said tank are to be maintained, and
means connecting said float to the electrical con-
trol apparatus for controlling said gate.

FRED T. KERN.
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