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This invention relates to a method and appara-
tus for .effecting clarification of turbid liquids
involving flocculation preparatory to sedimenta-

. tion or filtration, and particularly to steps or
5 features relating to flocculation when induced by
mechanical agitation. This invention is an im-
provement upon or applicable to the method and
apparatus shown, described and claimed in the

Smith Patent No. 1,893,451 granted January 3,.

1¢ 1933. -

There is being filed concurrently herewith a
compenion application for patent entitled Floc-
culation Serial No. 27,014 which has been ex-
ecuted by the undersigned as joint inventors, who

15 also appear as joint inventors of the present ap-
plication which is entitled Flocculation Serial No.
27.016. This patent application Serial No. 27,016
may be considered in certain respects as comple-
menting the companion patent application Serial

2o No. 27,014.- In certain respects this application
.Serial No. 27,016 may also be considered as com-
plementing another companion application en-
titled Flocculation Serial No. 27,015 which is also
bing filed concurrently herewith. . In said com-

o5 banion application Serial No. 27,014 there appears

Y and has been employed certain terminology or ex-
pressions, and certain explanatory definitions
which are pertinent to and helpful in connection
with this application, and for that reason cross

g9 ‘teference has herewith been made to said com-
- panion patent application Serial No. 27,014 with
the understanding that the pertinent matter of
. said companion case is to be considered as having
been set forth and incorporated herein. -
. The environment of the present invention and
its general position in respect to the art to which
. it particularly pertains is readily appreciated if
one considers the same in connection with the
prior Hoover and Downes U. S. Patent No. 1,752,~
795, and the Downes U. S. Patent No. 1,752,789,
each granted April 1, 1930 and -the above men-
tioned Smith U. 8. Patent No. 1,893,451 granted

. "January 3, 1933. : ' i
" The three patents just referred to and the sub-
43 ject matter thereof and the locality of employ-
ment for the present invention are discussed and
tersely pointed out in the early portion of the
specification of the perent application, to wit,
application Serial No. 27,014 flled on even date

zo herewith.

The present invention particularly pertains to

a flocculation apparatus according to which there

is-a general longitudinal liquid flow from an influ-
ent section at one side or end portion of & tank or
" basin and an effluent discharge leading from an
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1935, Serial No. 27,016
(C1. 210—16) ,

" opposite side or end portion of the tank or basin,
according to which the longitudinally flowing .

stream is subjected to agitation of a character to .

aid flocculation by means of several paddle con-
structions or paddle sets as provided by horizon-
tally and transversely extending shafts upon and
by means of which the agitating paddles are car-
ried in a manner to be rotated about horizontally
extending axes in vertically extending planes
paralleling the general direction of longitudinal
flow, and in which there is provided one or more
transversely extending longitudinally spaced
baffles or partial partitions that to a certain extent
in eftect divide or sub-divide the tank or basin into
a series of longitudinally arranged transversely
extending paddle-receiving spaces, each of which
bafles or partitions in the construction shown
extend for the full depth or height, or for sub-
stantially the full depth or height, of the liquid-
holding section of the tank or basin within which
the paddle constructions are located, each of
which baffles or partitions extend only part of the
way across the tank or basin thus properly leaving
in the free end or ends of the bafiles or partitions
a communicating space or spaces of substantial
width that are provided for permitting certain
countercurrent or backflows for certain sections
of the flowing stream, and which countercurrents

10

or backflows are incident to the functional effect -

of cooperating sets of longitudinally spaced paddle
constructions that are positioned in the longitudi-
nally arranged series of paddle receiving spaces
above-mentioned. The succeeding baffles or par-
titions are arranged so that the free end or ends -
of ‘any one baflle in effect slightly overlap the free
end or ends of the preceding or succeeding baflles
or partitions, whereby there is avoided an abso-
lutely straight flow from any one section or por-
tion of the fiowing stream from the influent sec-
tion to the efluent discharge, thus having in view
the avoiding of a direct path or short-circuiting of '
a portion of the liquid undergoing treatment.
Different forms of apparatus embodying this
basic feature, which has as an object thereof
countercurrent movements in certain sections of a
forwardly flowing stream and the avoiding of
short-circuiting flows in the forwardly flowing
stream, are shown in the accompanying drawings.
Two arrangemnents or embodiments for realizing
‘the invention hereof are illustrated in the draw-
ings, each embodying baffles or partial partitions
constructed along the. lines generally defined
above. These partial partitions, because of the
longitudinally-spaced arrangement thereof, in
effect define or delineate a longitudinally-ar-
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2

ranged series of transversely-extending paddle-
receiving spaces of which adjacent spaces are in
constant hydraulic communication with each
other through the medium of the relatively wide

5 oOr substantial space which is left existent at the
free end of each partition.

According to one arrangement (herein referred
to as the first arrangement) it will be noted that
the transversely extending partitions extend in-

10 wardly from each side wall of the sedimentation
tank or basin to a location slightly beyond the true
longitudinal center of the sedimentation tank or
basin. Each of these partitions, however, ex-
tends only a slight distance past the longitudinal

15 center, and it will be noted that the free ends
thereof consequently have a staggered arrange-
ment on opposite sides of the true longitudinal
center and that the free end portions of these par-
titions may therefore rightly be described as hav-

20 ing a slight overlapping arrangement with the
result that any straight or direct flow, to wit, any
short-circuiting flow from the influent section to

I the effluent section of the apparatus is avoided.
Also, according to this arrangement under dis-

26 cussion, the wide space left between each free
end of the partition on the one hand, and the side
wall on the other hand, provides a communicat-
ing space that allows a substantial countercurrent
movement of the liquid in the particular lower

30 section of the basin in respect to the general for-

ward flow of the body of liquid through the upper
portions of the space.

According to another arrangement (herein re-
ferred to as the second arrangement) there are
35 sets of baffles or partial partitions which extend

from -the side walls towards each other, thus
leaving a relatively wide communicating space be-
tween the free ends, while other of the partitions
are located in the intermediate or central sec-

40 tions of the tank and extend transversely to-
wards the sides but. terminate sufficiently short
of the sides to provide relatively wide communi-
cating spaces between free ends on the one hand
and the side walls on the other. The total area

456 of the communicating spaces at the opposite ends
of these last-mentioned partitions, approximately
totals the same as that of the free space which
is left existent between the free ends of the parti-
tions that extend towards each other. The com-

50 municating spaces just referred to allow a counter
current flow movement very much after the order
of the countercurrent flow movement mentioned
in respect to the first arrangement, and it is to be
noted that the free ends of the successively ar-

56 ranged partitions have a staggered arrangement
and that the several end portions of the several
partitions slightly overlap, thus avoiding any
direct flow or short-circuiting of liquid from the
influent section to the efiluent section of the sedi-

60 mentation tank or basin.

The invention revolves about the features of
construction and the mode of operation thereof

~

as above referred to. In the following description

and claims, parts or features are identifled by

65 specific names for convenience, but these are in-

tended to ‘be as generic in their application as
the art will permit.

In the accompanying drawings which constitute

a part of this specification, there have been illus-

70 trated or indicated the best and most charac-

teristic embodiments of the invention known to

the undersigned, but such are to be regarded as

typical only of many possible embodiments are

features and the invention is not to be lmited

75 thereto. In the drawings like or similarly func-
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tioning parts are indicated by the same reference
characters. Reference is hereby made to said
drawings which form a part of this specification,
and therein ’

Figs. 1 and 2 are plan and longitudinal sec-
tional views illustrating the first arrangement
previously referred to, Fig. 2 being a sectional view
taken as on the vertical plane indicated by the
line 2—2 of Fig. 1 looking in the direction of
the arrows; and

Figs. 3 and 4 are respectively plan and vertical
lengitudinal sectional views of the second ar-
rangement previously referred to, Fig. 4 being a
sectional view taken as on the vertical plane indi-
cated by the line 4—4 of PFig. 3 looking in the
direction of the arrows.

Reference will now be made to the drawings
in detail:

The flocculator tank or basin designated by |
has a bottom 2, upwardly extending boundary
walls 3, 4, § and 6, and an influent trough or feed
supply T by which the incoming solid-liquid mix-
ture to be subjected to flocculation is supplied to
the tank through the influent openings 8, and
an efluent trough or conduit 9 for conducting the

solid-liquid mixture from the flocculation zone-

which has been subjected to the flocculation op-
eration and which passes thereto through the
effluent discharge openings or passageways 0.

The influent solid-liquid mixture referred to
as being supplied through the influent trough is
frequently a liquid which has been chemically
dosed as an important part of the flocculating
process and as to which there has been an inti-
mate mixing of the dosing chemical with the
liquid to be subjected to flocculation treatment.

10
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It is to be understood, however, that the present .

invention is not necessarily limited to a chemi-
cally dosed liquid, as it is applicable to turbid lig-

uids having solids in suspension therein which -

have not been chemically dosed.

The influent openings 8 and the efffuent dis-
charge openings 18 are located in the upper por-
tion of the boundary wall with the result that they
determine the minimum height of the body of
liquid within the tank, but it is to be noted that
the influent supply arrangement and the effuent
discharge construction of the tank or flocculation
basin can be the same as that shown in said
Smith Patent 1,893,451.

In each form of apparatus shown, there are
four sets of paddle agitators, shown respectively
as A, B, C and D, each being provided by a hori-
zontally and transversely extending shaft [ § carry-

ing sets of paddles 12 and 18. The several shafts -

1 are driven by suitable moior and speed-reduc-
ing gearing R through the medium of chains 8
and sprockets T. The motor and speed reducing
gearing R and the chain S and sprockets T just
mentioned may be referred to as a motivating
mechanism for driving the paddle constructions
which collectively arc sometimes broadly re-
ferred to as agitating means including or pro-
viding the transversely cxtending axle members
or shafts D and C and the sels of paddles 12 and
13 carried thercby. The paddle constructions
just mentioned arc sometimes referred to as pad-
dle agitators and sometimes as agitating paddies.
Betwecn cach set of paddle agitators or paddle

agitating mechanism, as the paddic agitators may 7
be called, there is located a baffic or partial par-’

tition. Each bafile or partial partition has a
substantial vertical extent within the liquid con-
taining section of the tank and, in fact, it prefer-
ably extends for the full height or depth, or at

n
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least -substantially for .the' full height or depth,

of the liquid-holding section of the tank. These.

bafies or partial partitions, in the arrangement
of Figs. 1 and 2, are designated as E, F and G,
and in the arrangement of Figs. 3 and 4 are
designated as E’, F' and G’.
do not extend the full width of the tank, as is
clear from the drawings. They have, however,
a longitudinal spaced arrangement and, in effect,
delineate or define a longitudinally arranged se-
ries of transversely extending compartments or
spaces within which the paddie agitators above
referred to are located. .

These compartments or spaces may be desig-
nated as K, L, M and N. The partitions men-
tioned in conjunction with the paddle agitators
r_eferred to, in effect, provide a longitudinally ar-
ranged series of transversely extending flocculat-
ing compartments or spaces which are, in fact,
the spaces heretofore designated as K, L, M
and N. )

In both forms of arrangement shown, the free
ends of the partitions provide a staggered ar-
rangement and the free-end portions of the suc-
cessive partitions slightly overlap, whereby there
is avoided or prevented any direct flow or short-
circuiting of liquid which is supplied at the in-
fluent or feeding-in section or end of the tank or
basin on the one hand—as provided by the in-
fluent openings 8—and to the effluent or outflow
discharge section of the tank or basin on the other
hand—as provided by the discharge openings or
passageways (0.

In the arrangement of Figs. 1 and 2, herein re-

ferred to as the first arrangement, the solid-liquid

mixture which is being subjected to flocculation
operation has a path of travel in & general longi-
tudinal direction through the tank or basin, and
during its passage in this manner it successively
passes through sections of the flocculating com-
partments or spaces K, L, M and N. In each it
is subjected to the agitative effect of the paddles,
all of which rotate in the same general direction:
In other words, all of the paddles move so that
when in their upper positions or upper zones of
movement they are moving cr traveling in the
general direction of flow, and so that when in
their lower position or lower zones of movement
they are traveling counter to the general direc-
tion of flow, or, as otherwise expressed, each
paddle in the upper portion of its travel has a
component of movement to effect or induce a
forward longitudinal movement to a certain upper
section of the liguid within the sedimentation
basin, and so that each paddle in the lower por-
tion of its travel has a component of movement
to effect or induce a rearward longitudinal move-
ment to a certain lower section of the body of
liquid, whereby there is a countercurrent move-
ment as between the upper and lower liquid sec-
tions just referred to. '
According to the arrangement of these Figs. 1
and 2, it is to be noted that the partitions E, F
and G extend from the side walls towards and
slightly beyond the longitudinal center of the
tank or basin with the result that the free ends
of the alternately arranged partitions provide the
staggered and overlapping arrangement referred
to. Each partition also provides or leaves a rela-
tively wide space between the free end of the
partition and the side wall toward which it ex-
tends. Thus there is provided a relatively wide
communicating space which provides communica-
tion as between the flocculating compartment or
space immediately or directly ahead of the par-

These partitions .

3
ticular partition and the’flocculating compart-
ment or space immediately behind the particular
partition; and through this communicating space,
and particularly because of the disposition of cer-
tain of the paddle constructions which are in that
immediate vicinity, there is effected and realized
the countercurrent movement also just described.

It will thus be manifest that there can be a
general forward flowin a longitudinal direction of

the water undergoing treatment as a whole, but

that in certain sections thereof there can be a
limited countercurrent movement, with the result
that a certain amount of formed flocs is passed
rearwardly from a subsequent compartment or
flocculating space to and into a preceding floccu-
lating compartment or space.

In the arrangement of Figs. 3 gnd 4, to wit, the
second arrangement previously referred to, the
partitions E’, F and G’ have a somewhat differ-

ent arrangement from that of -the first arrange- :

ment. Here it will be noted that the partitions
E’ and G’ have a substantial vertical extent within
the liquid-holding section of the sedimentation
tank or basin, in other words, their vertical extent

as shown is for the full height or depth, or sub-

stantially so, of the sedimentation tank or basin;
and ‘that they are located within and extend
transversely of the general longtiudinal central
section of the sedimentation tank or basin, leav-
ing or providing at the opposite free ends thereof
relatively wide communicating spaces, to wit, the
spaces between the free ends ‘on the one hand
and the side walls of the tank on the other.
The partitions ¥’ and F’, are arranged in pairs
and extend from opposite side walls of ‘the tank
towards each other, and bhetween the free ends
of these partitions there is a relatively wide com-
municating space. The total width of the com-

municating spaces provided at the opposite free:

ends of the partitions E’ and G’, approximates the
total area of the communicating spaces between
the free ends of the pairs of partitions F’ and F’.

10

30

40

These communicating spaces, in conjunction with

thepaddlearrangements referred toand described,
provide and realize a construction according to
which there is a general forward flow of liquid
throughout the sedimentation basin, with an ac-
companying countercurrent flow of the lower
sections of lquid. ‘ :

It will be noted that according to this second
arrangement there is a staggering of the free ends
of the successive partitions, and that the free end
portions of the successive partitions have a slight
overlapping which precludes any short-circuiting
of liquid or of liquid-solid mixture from the in-
fluent section of the tank or basin to the efffuent
section thereof.

In the first arrangement all of the liquid under-
going treatment passes through the same type of
general flow. According to the second arrange-
ment it is to be observed that there is in effect a
splitting of the liquid so that one section thereof
has one type of general flow, while the other sec-
tion thereof has what may be considered as a
complementing type of flow, both of which, how-
ever, are in effect the same. As a matter of fact,
the ultimate effect of the operation of both types
of apparatus illustrated is substantially the same.

As has been pointed out in the companion ap-
plication Serial No. 27,014, which is herein re-
ferred to, it has been found that the degree of
flocculation is in proportion to the number of
paddle impacts, that is, a small diameter mecha-
nism operating at a relatively high speed, will
give better results than a relatively large diameter
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unit operating at lower speeds. This is explained
due to the multiple amount of turbulence set up
around the paddle blades.

We have found that the best results can be ob-
tained with paddle diameters equal to about 0.6
to 0.8 of the fluid depth and paddle speeds with
given velocities of from 0.6 to 1.8* per second at
the periphery. ’

It has also been found that the process of floc-
culation can be greatly accelerated by returning
some of the larger and bulkier flocs from the later
or subsequent stages of the flocculation reaction
to the earlier stages, in other words, by certain
inoculation of the unflocculated liquid with lig-
uid containing flocs in the advance stages of de-
velopment,—and it has been found that it is
better to do this in successive stages, that is, by
returning formed flocs from the second stage to
the first stage, from the third to the second, from
the fourth to the third and so on rather than by a
direct retwrn of flocs from the fourth stage or
compartment N to the first stage or compartment
K. It isfor this reason that the mode of return
{llustrated in conjunction with the arrangements
herein described has been employed.

It will be noted that in order to attain the full
benefit of the agitating means that the paddles or
the paddle sets function in the lower portions of
the body of liquid undergoing flocculation and
also In the upper portion with the result that as
the liguid passes along the meandering path pro-
vided by the successive compartments there is
realized a positive agitation throughout each sec-
tion or portion of the liquid as it travels along the
meandering or sinuous path.

The embodiments herein described have been
developed In order to realize the benefits resulting
from the certain inoculation which can follow
the return of flocs and which is accompanied by
the countercurrent movements herein described.

It will be understood that while the elements
and advantages of this device have been described
by certain specific embodiments, there are other
Possible arrangements which will combine the
essential features thereof. 'The invention posses-
ses objects and features of advantage other than
those which have been specifically enumerated
but which will be manifest from the foregoing
description. )

What is clalmed is:

1. In a flocculating apparatus, a tank having
an influent section at one end portion thereof ,an
efiluent section at the opposite end portion there-
of, baffles providing partial partitions that have
substantial vertical depth within the liquid hold-
ing space of the tank, which partial partitions
extend transversely only part way across the tank
thus delineating within the tank a longitudinally
arranged series of transversely extending sub-
compartments providing spaces which are in com-
munication with each other through the medium
of relatively wide passageways provided and left
at the frec ends of the partial transverse parti-
tions, the free ends of successive longitudinally

5 spaced transverse partitions having a staggered

and overlapping arrangement whereby a straight
flow of liquid from the influent section of the tank
to the effluent section of the tank is prevented and
avolded, a motivating mechanism, and agitating
means driven from said motivating mechanism
and providing longitudinally spaced sets of trans-
versely extending agitating paddles disposed in
the sub-compartments at the opposite sides of a
partial partition and which sets of paddles have
certain longitudinal and forward components of

2,081,852

movement within the upper sections of the body
of liquid within the tank and have certain longt-
tudinal rearward components of movement in the
lower sections of the liquid within the tank where-
by countercurrent flow movements are realized
through the passageways left within the tank by
the particular partial transverse partition.

2. An apparatus as defined in and by claim 1
according to which the partial partitions extend
transversely from opposite side wall portions of
the tank and overlap in the horizontally extend-
ing central section of the tank.

3. An apparatus as defined in and by claim 1
according to which some of the partial partitions
extend transversely from the side walls of the tank
toward each other, leaving a relatively wide pas-
sageway space between the free ends of the thus
located last mentioned partial partitions and of
which other of the partial partitions are located
in the longitudinally extending central sections
of the tank and have free ends that are spaced
from the side walls of the tank whereby a rela-
tively wide passageway space results because of
the space left between each free end of the cen-
trally located partial partition on the one hand
and the side walls on the other hand.

4. An apparatus for flocculating liquids com-
prising a flocculation tank having a transversely
disposed influent distributing section by which
incoming liquid is relatively uniformly distributed
across one end of the tank, a transversely disposed
effluent section by which outgoing Hquid is passed
from the flocculation zone in relatively uniform
manner from the opposite end of the tank: trans-
versely and vertically extending partial partitions
each of which extend only part way across the
tank interior whereby each partition is of the
round the end flow type, said transversely extend-
ing partial partitions being longitudinally spaced
and successive partitions being arranged so that
the end portions thereof are in overlapping ar-
rangement thereby providing a meandering hori-
zontal flow path in a general longitudinal direc-
tion for the liquid passing from the influent end
of the tank to the effiuent end thereof, motivating
mechanism, and transversely extending longi-
tudinally spaced sets of paddle agitators driven

- from said motivating mechanism and operable

within the successive compartments as defined in
part by said partitions, the paddles of which sald
sets of paddle agitators are arranged for func-
tioning in the lower portion of the body of liquid
within the basin as well as in the upper portion
of the body of liquid and are operatively con-
nected and actuated for causing countercurrent
flow movements in the liquid passing through the
communicating spaces at the end of the parti-
tions.

5. An apparatus for flocculating liquids com-
prising a flocculation tank having an influent feed
leading to one end thereof and an effluent dis-
charge leading from the other end thereof ; trans-
versely and vertically extending partial partitions
each of which extends only part way across the
tank interlor whereby each partition is of the
round the end flow type for providing a meander-
ing horizontal flow path in a general longitudinal
direction for the liquid passing from the influent
end of the tank to the efluent end thereof, motf-
vating mechanism, and transversely extending
longitudinally spaced sets of paddle agltators
driven from sald motivating mechanism and oper-
able within the successive compartments as de-
fined in part by sald partitions, which sald gets
of paddle agitators are operatively connected and
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¢ctuated for causing countercurrent flow move-
ments in the liquid passing through the commu-
nicating spaces at the ends of the partitions.

6. An apparatus as defined in and by claim 5
according to which a meandering flow path is
realized because alternate partitions are provided
by baffles arranged in pairs and extend horizon-
tally from the longitudinal side portions of the
tank toward each other but are transversely

10 spaced so as to leave a centrally disposed passage-

way and because each intermediate partition is
provided by a single baffle centrally disposed in
respect to the tank and transversely spaced from
the longitudinal sides of the tank so as to have a
pair of transversely spaced flow passageways
located adjacent the inner side portions of -the
tank.

GEORGE M. DARBY,

ELLIOTT J. ROBERTS.

WILLIAM C. WEBER.

10




