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[57] ABSTRACT.

A centrifugal clarifier for removal of contaminants
from a liquid by centrifugally separating it into two
liquid phases includes a rotor comprising a rotor shaft,
a rotor housing mounted on the shaft to enclose an
elongated intermediate portion of the shaft so as to
provide around the shaft an elongated annular work-
ing space, and a set of cylindrical shells mounted in

Javet .o, 233/46 .

the housing and concentric with the shaft to provide
elongated annular chambers of equal radial height
within the working space for a set of flows of liquid
parallel to the shaft but at different average radial dis-
tances from the shaft. Distributor means of the rotor
extends radially from the shaft within one end portion
of the housing and has openings at different radial dis-
tances from the axis of the shaft to furnish liquid sepa-
rately to the chambers. Collector means of the rotor
to receive one of the separated liquid phases extends
radially from the shaft within the other end portion of
the housing and has openings at different radial dis-
tances from the axis of the shaft to communicate with
chambers. The total area of openings of the distributor
means (or of the collector means when approprlate)
communicating with a specific chamber is propor-
tional to the square of the average radius of the cham-
ber to provide a linear flow of liquid through each
chamber proportional to the square of that average
radius of the chamber. Collector means of the rotor
for the other separated liquid phase is located between
these end portions of the housing. A feed passageway
in the shaft communicates with the distributor means.
Outlet passageways in the shaft communicate with the
two collection means. The clarifier has outlet pipes
communicating with the outlet passageways. The out-

" let pipe that thereby communicates with one of the

collector means to receive that liquid phasc containing
removed contaminant is valved to control the volume
ratio of that liquid to the clarified liquid removed
through the other outlet pipe. There may be a valve in
that other outlet pipe to adjust overall flow rate
through the parallel chambers in the working space
when necessitated by a change of concentration of
contaminants in the feed liquid.

26 Claims, 25 Drawing Figures

\ 52 o 53—l
= 7
o 250 G |
55—
32 607 53457
53 ¥ el §r—38
37— B 260, M g 3 2
35 52 5 61— § /44 -43
4” G4 4 Z&ax
U ._o_'_.—
oy ! ' 2
WATER

v WATER




ATENTEDJUR 4 17 3,814,307

SHEET % OF 6 |
% F1g. 1
30 =L Ey 4#— . ":Jﬁ
== Tl
. 60" o—id §i .
55— I B |
52 607 | BELE =ty
gg:fj Gl 38
. 60y M gh s3
vl b A e VI L L A
[im:é _____ A 45/@%“ alVey/ul
oILy / 74 \ : W olL
WATER “+ gj
2 4 g




PATENTEDJUN 4 1974 3,814,307
| SHEET 2 OF 6 —

g
67—

;
‘
60--_§
..}

:

:

55— 337 FIG‘ 7 (BAFFLE % ‘?5/36

57'\—’:,__52 3_]_,,: L_I_—r 71 l
87~ 605 | S0 v
: | I+ 7, : l/7
[ 8T — __f 8 .
40.‘ { =) 44'
/ | 74/;?‘ |/ /45 SLgL,}TR]Y
- H | R _-:::f::’:—_é_:t
~ 427 | P
5 I emer

B\ —

B A

‘.t\\‘
\

g \\\
\\\\ iy



PATENTEDJUN 4 1974 3.814,307

SHEET 3 0F 6
FrG. 10
60 _Ow_/"ZZ ‘
L7 || v
.17”“ ' ;mx’ ch FI Go ] .Z
Al Rt s
%{; a2 2 70 || TH &
~50 607 |72l |m
1 / E AIN
) PRODUCT
37/= ,47 1 51/}
60 %
w0 |} — =7\ 1| [Swrey
FEED IN . — - e— |77 U "00T
gt Nt B - 4o GhE e

¢
i
| - 7 ™3
a5 (4 - ,,s,;ggw?)/\ Y
/N ouT
44\
43

56

7| B33

il|=080]

: :1—"7,?,

4 L 53

_ r)m H—s/

% 1 |—38

=4,

e /4 SLURRy

. el
OI L ::::_—:.:: e — 2=y /,l:' L.r'i——i—:i—_-_
- _—_—;—_:’.:——-—'"’-—— | ) t:_:;y____ ~
L L4 1 /
l | ) ! i I Y,

\ =7/ CLARIFIED
35 o P A 27 propuct



PATENTEDJUN 4 1974
SHEET 4 OF 6

% Fra. 14

.\ M74

50 60

Y

I—l_"\: 74; 73;g

a5..

472

3,814,307

BAFFLE

O
ol

—35
sz
43
44 | SLURRY

T

!

‘ﬁ PR R -

2 - Tm=an=ss

el

4b ——

5371

Fra. 16 ~+17
30 39~

CLARIFIED
PRODUCT

50 607 /1161

! /A

52 6/ 53]

%%é:éﬁ"‘” 35 Bl

43 =~

I
CLARIFIED &

15 PRODUCT

<17



* PATENTEDJUK 4 1974 3.814.307

SHEET 5 OF 6
36 FIG'ogjg Fra, 19 3
° | il 83 / -
P =
3 ;%3;5:}__{:?7‘95
_________ 38

6l g3 T
ol CLARIFIED




PATENTEDJUN 4 1974 3,814,307
. SHEET 6 OF 6 |

—35
44
1:557—"'
A/ CLARIFIED
[ WATER
43
5% 36
Fwslke 60> 22
A T 5
~g/ 807 4] tj
|
& 60 =7
41106 745“1 L 4z
ol u’i’- —— 5* ~108 g5.- /’E' o
=T e N 5LURRY
CLARIFIED ww (HEAVIER SOLIDS)
PRODUCT | | fpegp 107 Ypg
v
-SLURRY

LIGHTER
SO0LIDS



3,814,307

1
CENTRIFUGAL CLARIFIER

BACKGROUND OF THE INVENTION

1. Field of the Invention
This invention relates to centrifugal apparatuses use-
ful to separate solids from liquids and immiscible lig-

5

2

closely spaced conical discs. Due to the centrifugal
force the heavier liquid or solids of the feed is thrown
outward along the underside of the upper disc for each
working space and passes downwardly with increasing
centrifugal force being applied while the less dense lig-
uid flows upwardly and toward the axis of rotation

_ along the upper surfaces of the discs. As the less dense

uids from each other, e. g., to separate small concentra- -

tions of solids or oil suspended in water. It especially
relates to drum-type centrigugal clarifiers suitable to
clarify liquids containing suspended contaminants, sol-
ids or liquid, in a concentration of less than 1 percent,
e. g., containing as low as 100 parts or less of contami-
nant per million parts of liquid to be clarified.

Large volumes of water are used daily in petroleum
refineries and, of course, thereby large volumes of
waste water are obtained from the processing opera-
tions in these refineries. The former should be treated
to reduce substantially the suspended solids content be-
fore use. To avoid environmental pollution the later
should be treated to reduce contaminant content, im-
parted during refinery use of the water, before return
of the water to the lakes or streams from which they
gave been obtained. Filter plants and plants for clarifi-
cation by air flotation have been built and used to treat
daily tens of millions of gallons of process water con-
taining, for example, 100 to 150 ppm of suspended sol-
ids, mostly silt and decayed solids, in river water, and
40 ppm of suspended solids and 80 ppm of oil in pro-
cess waste water obtained originally from a lake.

2. Description of the Prior Art
* Centrifugal devices or apparatuses for separating sol-
ids ‘or immiscible liquids from liquids include drum-
type centrifugal clarifiers that are modifications of cen-
trifugal contactors, solid bowl centrifuges, basket-type
centrifuges, and ¢ontinuous disc-type centrifuges.

Im a solid bowl centrifuge a slurry is thrown out to the
walls of a rotating drum equipped with a screw con-
veyor to move the solids to one end of the drum. The
drum and the screw conveyor rotate at different rates.

In basket-type centrifuges solids are retained on a ro-
tating screen through which liquids pass.

Continuous disc-type centrifuges employ a series of
rotating cones that divide the input feed liquid into thin
layers. Detailed description is presented in the article
“Centrifuging and centrifuges™ in Chemistry And In-
dustry, No. 9, May 6, 1972, published by the Society of
Chemical Industry, London, England. Reference is
made also to page 265 of the book by Brown entitled
Unit Operations, published in 1950 by John Wylie &
Sons, Inc., New York, N. Y According to Brown, this
type of centrifuge was originally designed in 1878 by
De Laval and has been widely used to separate cream
from milk and for many industrial preparations.

In this type of centrifuge the feed passes radially out-
ward from the bottom of a central tube down which it
flows while being accelerate in rotary speed by vertical
vanes in the tube to the speed of the bowl. The radial
outward movement -of the feed.is through ports in the
bottom portion of the tube. This flow is into the space
containing the conical discs. The feed passes upwardly
through a series of aligned holes in the cones. These
holes are equidistant from the axis of rotation. As the
feed moves upwardly through the holes and at the same
centrigugal force, the feed passes into an intermedjate
zone of each working space between two adjacent
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liquid flows upwardly the centrifugal force being ap-
plied to it decreases. Any further separation that occurs
in each space between adjacent discs provides sepa-
rated liquid or solids that must move countercurrent to
the main flow on that side of the intermediate zone.

In 1897 E. W. Beach obtained U. S. Pat. No. 587.171
for a centrifugal separator containing a central tube to
feed liquid to a bottom chamber of the bow! of the sep-
arator. Equidistant concentric cylindrical shells above
the bottom chamber are supported by a.circular plate
defining the top wall of the bottom chamber. The plate
has holes located at concentric rings. The holes are of
equal area. The holes of each ring are in alignment with
a cylindrical compartment of annular cross section de-
fined by two shells. The compartments, of course, have
different volumetric capacities. The shells have upper
extensions that are directed inwardly toward the cen-
tral tube. These extensions terminate just short of the
central tube to provide an annular channel for upward
flow of lighter liquid from these extensions. From this
channel the lighter liquid is discharged through an ori-
fice in the narrow top portion of the bowl.

In the Beach separator each shell has a number of
outwardly directed shoulders at the juncture with the
extension. These shoulders have openings at their out-
ermost portion. The heavier separated liquid flowing
upwardly along the inner side of a shell wall passes
through these openings to the next outer chamber or
compartment, through the openings in the shoulders of
the next shell, and similarly through openings of outer
shells until ultimately that liquid reaches the wall of the
bowl. Then the heavier liquid flows upwardly into tubes
that extend inwardly and upwardly to the narrow top
portion of the bowl. The tubes extend upwardly in that
top portion of the bowl and communicate with other
orifices in the top portion of the bowl. The heavier liq-
uid is discharged through those other orifices.

TThese shoulders of the shells of the Beach separator
are of such size as to project radially outward within the
adjacent compartment beyond the separated layer of
the lighter liquid so that the heavier liquid is delivered
from compartment to compartment into the separated
layer of heavier liquid.

In the Beach apparatus there is no control of the flow
of either separated liquid from the separator.

In 1904 Swedish Pats. Nos. 20754 and 20,757 were
granted to G. C. P. De Laval for liquid separators that
are constructed with equidistant concentric cylindrical
shells to form a number of cylindrical chambers of an-
nular cross section extending parallel to the rotor axis
for separate parallel flow of liquid from one end of the
chambers to the other end. In each chamber feed liquid
is separated into two liquids of different density.

In the separator of Swedish Pat, No. 20.754 the
upper margin of each shell has vertical slots to provide
a number of flaps positioned around the periphery. The
alternate flaps are bent radially inward toward the cen-
ter of the separator to extend over the space between
that shell and the next inner shell. The other flaps are
similarly bent but extend radially outward. Vertical
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plates extend radially in the slots to provide sectoral
collection chambers above the chambers provided by
the shells as described above. This construction pro-
vides alternate sectors in which all flaps that extend ra-
dially inward provide passages for separated lighter lig-
‘uid adjacent the outer sides of the shells and provides
the other sectors in which all flaps that extend radially
outward provide passages for separated heavier liquid
adjacent the inner sides of the shells. From the sectoral
chambers above the flaps these liquids flow through
holes into concentric chambers. From these two cham-
bers the separated heavier and light liquids flow in an
uncontrolled manner through their respective outlet
pipes. The total area of the passages provided by the
flaps of any particular shell and thus the total flow rate
of either separated liquid from a particular cylindrical

chamber is proportional to the average radial distance -

of that chamber from the axis of rotation of the separa-
tor.

At the outlet end of each chamber in the separator
of Swedish Pat. No. 20,757 there are provided two sets
of outlet holes at different radial distances so that the
separated lighter liquid passes out one set of holes and
the separated heavier liquid passes out the other set of
holes. Each set of holes communicates with its own set
of collection chambers having radial walls. The sepa-
rated lighter liquid flows radially inward in one set of
collection chambers to and then upward through a cen-
tral collection pipe. Above, that liquid flows from that
pipe out a radial outlet in an uncontrolled manner. The
separated heavier liquid flows radially outward in the
other set of collection chambers to an annular chamber
through which that liquid flows radially inward to and
then upwardly through a pipe outside and concentric
with the central collection pipe, mentioned above, for
the collected lighter liquid. That outer pupe for the sep-
arated heavier liquid has an orifice in the upper portion
of its wall, so that the separated heavier liquid flows out
of that pipe in an uncontrolled manner.

In the separator of Swedish Pat. No. 20,757 the sizes
of the two sets of holes as outlets for each cylindrical
chamber of annular cross section are fixed, rather than
adjustable, due to the nature of the construction of the
separator and are such that the total areas of the sets
are proportional to. the relative volumes of separated
liquids to be obtained. For example, to obtain cream
and skim milk in a ratio of 1:7, the holes of the set
through which the skim milk will flow from a particular
cylindrical chamber will have a total area seven times
greater than that of the holes through which cream will

.flow from the same cylindrical chamber. The size of the
holes of each of these sets increases with their distances
from the axis of rotation, i. e., the size increases with
the distance of a cylindrical chamber, with which two
sets are associated, from the axis of rotation for the
stated reason that the rate of separation increases with
that distance. Thus the total area of holes of either set
communicating with a particular cylindrical chamber is
proportional to the inner radius of that chamber of an-
nular cross section.

As mentioned above, drum-type centrifugal clarifiers
of the prior art are modifications of centrifugal contac-
tors. U. S. Pat. Nos. 2,619,280, 3,027,390, 3,053,440,
3,202,407 3,344,983, and 3,519,199 disclose construc-
tions of centrifugal contactors. The modification to
provide a clarifier is fundamentally a modification of a
contactor such as shown in U. S. Pat. No. 3,344,983,
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4

For example, reference is made to U. S. Pat. No.
3,344,982 in which the specific clarifier is constructed
with two side-by-side clarifying zones. '

The drum-type centrifugal clarifiers, like the contac-
tors, comprise a rotor having a large number of closely-
spaced concentric perforated cylindrical shells. Liquid
to be clarified is fed into an axial passage in the shaft
of the rotor and then out radial passages communicat-
ing with radial pipes at a transverse plane intermediate
the ends of the working space in the rotor. These pipes
extend through some of the perforated shells to intro-
duce all of the feed liquid only to locations between
two of the shells, i.e., only to locations in an annular
space between those two shells. Those locations are ba-
sically at one radial distance. .

Except for the flow of feed liquid from the open ends
of those radial pipes toward both ends of the working
space between those two shells, the liquid flows as sep-
arated heavier liquid and separated lighter liquid radi-
ally outward and inward, respectively, to the outermost
chamber and the innermost chamber. The lighter liquid
flows then by radial passageways and another longitudi-
nal passageway in the rotor shaft to an outlet at one end
of the shaft. The heavier liquid flows from the outer-
most chamber through longer radial pipes or via a
chamber beyond one end of the shells to radial passage-
ways and still another longitudinal passageway to an
outlet at an end of the shaft.

The main flow of liquid within the working space of
the rotor, i. €., within the cylindrical chambers between
shells, is radial flow. Any lighter liquid separated in the
chambers outside the chamber having the outlets of the
feed radial pipes and any heavier liquid separated in the
chambers between that chamber and the rotor shaft
must pass countercurrent to the liquid of the other den-
sity in one or more chambers.

British Pat. No. 966,153 discloses a centrifugal appa-
ratus to remove extremely small particles from fluid.
The rotor includes a set of concentric shells mounted
within the peripheral portion of the rotor housing. Sep-
arated solids are deposited on the walls of the shells and
periodically the set of shells of the apparatus is cleaned )
by blowing air or by flushing out the accumulated sol-
ids. . .

To separate liquids of different specific gravities, the
rotor -of the centrifugal apparatus of U. S. Pat. No.
3,047,215 includes a number of radially-spaced parti-
tion walls around the rotor shaft. The adjacent parti-
tions are eccentric to the axis of the shaft in a diametri-
cally opposed relationship so that spaces between them
are of increasing width from one side of the axis to the
diametrically opposite side and so that the greatest
width of one working space is on the opposite side to
the greatest width of the next adjacent working space.
Radial rods extend through these shells or partition
walls and these rods have passageways at various radial
distances. These passageways communicate one work-
ing chamber or space with the second closest chamber
to transfer separated heavier liquid radially without
passing in direct contact with lighter liquid in' the.clos-
est chamber. Each shell has a number of holes through
which separated lighter liquid flows radially inward.
The feed liquid is admitted to the outer portion of the
set of shells, viz., into the second outermost chamber.

In the rotor of the centrifuge of British Pat. No.
1,123,958 there is a set of spaced concentric shells that
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are conical but almost cylindrical to form a number of
generally cylindrical chambers of annular cross section.
The rotor includes upper and lower ducts connecting
these chambers, on the one hand, at their top ends and,
on the other hand, at their bottom ends, The feed liquid
is introduced into the bottom end of only one of the
chambers. Separated heavier liquid flows out that end
of that chamber by a duct to the next outer chamber,

* while separated lighter liquid flows out of the chamber
through a duct at the top end to the next inner cham-
ber.

Partition walls, other than concentric cylindrical
shells or concentric conical shells, are disclosed in U.
S. Pat. No. 787,950. In the construction of the centrifu-
gal separator of that patent, each of the partition walls
extends from the periphery inwardly across a number
of radii. These walls provides chambers into which pre-
sumably the feed liquid is introduced at one end of
each chamber at a common intermediate radial dis-
tance. The separated lighter liquid and the separated
heavier liquid move radially inward and outward, re-
spectively, in each chamber to inner and outer collec-

~ tion chambers from which they are removed. Summary
of the Invention

This invention relates to a centrifugal clarifier that is
useful for the removal of contaminants from a liquid.
The contaminated liquid as a feed is separated by the
clarifier into two liquid phases.

When the feed liquid is water that is contaminated
with a small amount of liquid hydrocarbon, such as oil,
the two liquid phases are clarified water and liquid hy-
drocarbon.

When the feed liquid is water that is contaminated
with a suspension of solids, the two liquid phases. that
are obtained are clarified water and a liquid slurry con-
taining a substantially higher content of solids than the
feed liquid. In the latter case, there is no sharp line of
demarcation or interface between the two liquid pha-
ses, but there is a formation of a substantial height of
a layer of clarified water that can be removed from the
clarifier. Of course, the clarified water may contain a
slight content of suspended solids although that content
is very substantially less than the content of suspended
solids in the feed liquid.

In a specific construction, the centrifugal clarifier of
the present invention can provide for a treatment of
water containing suspended liquid hydrocarbon and
suspended solids to produce a clarified water phase, a
liquid hydrocarbon phase and a liquid slurry.

In another construction, the clarifier of the invention
can treat a water containing dissolved liquid hydrocar-
bon with a hydrocarbon of lower solubility, separate
these two liquids, and then centrifugally treat the sepa-
rated aqueous liquid into a liquid hydrocarbon phase
and a clarified water phase having a lower content of
dissolved hydrocarbon than the feed water.

The centrifugal clarifier of the invention includes a
rotor, two outlet pipes and valved means connected to
at least one of the outlet pipes. The clarifier is con-
nected, of course, to an inlet pipe that provides feed
liquid for the clarifier.

The rotor comprises a rotor shaft, a rotor housing, a
set of partition walls within the housing, and distributor
means and two collector means within the housing.

The rotor housing encloses an elongated intermedi-
ate portion of the rotor shaft so as to provide around
that intermediate portion of the shaft an elongated
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6

working space of annular cross section. The set of par-
tition walls is mounted in that housing so that these
walls are in that working space. These partition walls
extend generally parallel to the longitudinal axis of the
shaft. Preferably they are parallel to that axis. It is espe-
cially preferred that this set of partition walls constitute
a set of equally spaced concentric cylindrical shells. It
is also especially preferred that these shells be imperfo-
rate except for openings at various radial lines about
their periphery for mounting of one of the two collector
means mentioned above.

The partition walls extend from one end part of the
intermediate portion of the working space to the other
end part of that intermediate portion so as to provide
a number of elongated parallel chambers through
which the major flow of liquid is across a centrifugal
force field and generally parallel to the axis of rotation
of the shaft rather than a radial flow. Of course, the
centrifugal force field is provided by the rapid move-
ment of the liquid in these chambers aobut the axis of
the shaft while the rotor is rotating.

The distributor means of the rotor extends radially
outward from the rotor shaft. The distributor means is
located within one end part of the housing. The distrib-
utor means has concentric sets of openings at different
bands of radial distances from the axis of the shaft.
Through these openings passes feed liquid separately to
one end of the parallel chambers provided by the set of
partition walls.

One of the two collector means extends radially out-
ward from the rotor shaft within the other end part of
the housing and has concentric sets of openings at dif-
ferent bands of radial distances from the axis of the
shaft to receive one of the separated liquid phases pro-
duced from the feed liquid in the parallel chambers
within the housing. The other collector means is lo-
cated between these end parts of the housing and thus
between the first collector means and the distributor
means. This other, or:second, collector means is lo-
cated to receive the other of the separated liquid pha-
ses from the parallel chambers.

When the set of partition walls is a set of concentric
cylindrical shells, the second collector means in one
type of construction comprises a number of downcom-
ers located on the shells at radially aligned openings.
The shells have these openings at different radii about
the rotor shaft. In that case the separated liquid phase
flows radially inward through the openings into down-
comers to the next inward chamber. Each downcomer
has its bottom opening outwardly spaced from but adja-
cent the opening of the next inward shell.

In another type of construction of the second collec-
tor means, when the partition walls are concentric cy-
lindrical shells, the collector means constitutes a num-
ber of radial pipes extending at various radii in a com-
mon plane transverse to the axis of the shaft. Each of
these pipes extend in a generally fluid-tight manner
through openings radially aligned in the shells. Each
pipe has an opening adjacent the outer portion of radial
height of each chamber to receive separated heavier
liquid phase, i.e., the liquid phase that is a slurry of sus-
pended solids in a substantially higher concentration
than the content of such solids in the feed liquid. The
second collector means in this case preferably includes
additional structure within the working spaces to divert
this slurry towards these openings. In addition, prefera-
bly there is another pipe within each of these radial
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pipes. The inner pipe has no openings at these different
radial distances. Rather, slurry flowing into the outer
radial pipe flows radially outward to the open end of
the inner pipe. That end is adjacent the housing. The
slurry in the inner pipe flows radially inward toward the
rotor shaft. .

The rotor shaft is constructed with a number of longi-
tudinal passageways. One is an inlet passageway for
feed liquid. This passageway extends inwardly to one

“end part of intermediate portion of that shaft at which
the passageway communicates with a radial passage-
way that communicates with the distributor means. A
second longitudinal passageway is an outlet for one of
the separated liquid phases and for this purpose ex-
tends inwardly to the other end part of that intermedi-
ate portion of the rotor shaft. At that location it com-
municates with a radial passageway that communicates
with the collector means at that end part of the rotor
housing. The other longitudinal passageway in the rotor
shaft extends inwardly to the intermediate portion of
the shaft and communicates with a radial passageway
that communicates with the other collector means. The
latter collector means is at a location within the work-
ing space and thus between and spaced from the dis-
tributor means and the first-mentioned collector
means. ’

Although all three longitudinal passageways can ex-
tend inwardly from the same end of the rotor shaft to
‘the extent described above, it is usually preferred for
the simplest construction of the rotor that the two lon-
gitudinal passagewaus that serve as outlet passageways
extend inwardly from one end, while the other passage-
way, as an inlet passageway, extends inwardly from the
other end of the shaft.

As seen later in the detailed description, there is one
embodiment of the centrifugal clarifier in which there
are recovered three liquid phases by virtue of two con-
centric working spaces. In that case there are four lon-
gitudinal passageways in the rotor shaft and two of the
outlet passageways extend inwardly from the same end
of the shaft as the inlet passageway. Other modifica-
tions of the location of the passageways are disclosed
in the detailed descriptions. _

The centrifugal clarifier of the invention includes at
least two outlet pipes, as mentioned above. The num-
ber of outlet pipes is greater in the case of specific con-
structions that permit the separation of feed liquid into
more than two liquid separated phases. One outlet pipe
is connected to the rotor so as to communicate with
one of the outlet passageways while the second outlet

8

passing through the clarifier is the liquid that becomes
clarified liquid. ‘

The valved means mentioned earlier for the first out-
let pipe receiving the separated liquid phase, that has
the major proportion of contaminant, is an important
component of the clarifier because it controls overall
the rate of withdrawal of such liquid from the various
parallel chambers. That valved means must be changed
in its setting as a necessary part of the use of the clari-
fier in accordance with the changed conditions of sepa-
ration within the clarifier due to a change in nature

" and/or concentration of contaminant in liquid feed.
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pipe is connected also to the rotor to communicate .

with the other of the outlet passageways. The outlet
pipe that thereby receives the separated liquid phase
containing a major portion of the contaminant has
valved means mounted on it to control the rate of re-
moval of that liquid phase from its collector means and
thus from the parallel chambers in the working space
within the rotor housing. In this case, the other outlet
pipe receives the other separated liquid phase, that is,
the clarified liquid obtained from those parallel cham-
bers in the working space.

The outlet pipe for the clarified liquid can have
valved means mounted on it to control the rate of flow
of clarified liquid from the rotor and thereby control
the overall flow rate of feed liquid into the working
space of the rotor because the major volume of liquid

55
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Such change can occur when there is a change in waste
liquid, as feed liquid, derived, for example, from differ-
ent processes that use water for one or more purposes.

Another very important limitation present in the con-
struction of the centrifugal clarifier of this invention is
the total area of the openings at each band of radial dis-
tance from the axis of rotation of the shaft for either the
distributor means for feed liquid or the collector means
that receives clarified liquid from the working space
within the rotor housing. This limitation is that the total
area of the openings at each band of radial distance is
basically proportional to the square of the radial dis-
tances of the band. As will be apparent from the de-
tailed description, it is not feasible for some specific
embodiments of the clarifier to construct those em-
bodiments in a manner that this limitation is present in
the construction of the collector means for the clarifier
liquid. This is the case, e.g., when that liquid is col-
lected by sets of radially aligned downcomers as one
collector means at an intermediate transverse plane of
the working space, while the other collector means is
at an end of the housing to receive the liquid phase con-
taining the enhanced content of contaminant, e.g., for
collecting liquid slurry of solids. In such cases, the limi-
tation of construction is necessarily applicable and in-
corporated  in the construction ‘of the distributor
means. ' ,

When the rotor of the clarifier of the present inven-
tion contains a set of equally spaced concentric cylin-
drical shells in the working space to provide the elon-
gated parallel chambers in the working space. of the
housing, they provide concentric cylindrical bands of
working spaces having different radial distances from
the axis of the shaft.

In this construction with cylindrical shells, and with
the opneings of the distributor means havin g total areas
at each band to conform to the limitation mentioned
above, each ring of openings is preferably located to be
in alignment with the average radial height of that band
of working space so that flow of feed liquid into a par-
ticular elongated chamber is at a radial height or dis-
tance approximately intermediate the walls defining
that particular cylindrical chamber. This construction
permits an interface between the two separated liquids
within a chamber to be radially outward ot inward of
the location of those openings. This construction
thereby minimizes any disturbance of the interface of
the two separated liquids by the inward flow of feed lig-
uid into the chamber. In another embodiment of this
construction with cylindrical shells but in which the
limitation of total area of the openings is present as part

- of the structure of the collector means for the clarified

liquid, those openings at each particular elongated
chamber are radially offset from the average radial
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height of that chamber so that flow into that collector
means is substantially spaced from the interface be-
tween the two separated liquid phases. In the case of
the construction of the clarifier for separating oil from
water, the offset is radially outward. In this case of the
construction of the clarifier for separting suspended
solids, as a liquid slurry, from water the offset is radially
inward. Description of the Drawings.

In the drawings, the same components that appear in
the various embodiments of the centrifugal clarifier of
the invention are generally designated by the same nu-
meral. )

FIG. 1 is an elevational view, partially broken away
as a longitudinal section and partially schematic, show-
ing one of the especially preferred embodiments of the
clarifier of the present invention useful for separating
contaminant oil from water.

FIG. 2 is a fragmentary cross sectional view taken
along line 2—2 of FIG. 1. '

FIG. 3 is a fragmentary cross sectional view taken
along line 3—3 of FIG. 1.

FIG. 4 is a fragmentary cross sectional view taken
along line 4—4 of FIG. 1.

FIG. 5 is a fragmentary longitudinal section of an-
other preferred embodiment of the clarifier of the in-
vention showing a different construction for the distrib-
utor means of the rotor,

FIG. 6 is a fragmentary cross sectional view taken
along line 6—6 of FIG. 5.

FIG. 7 is a fragmentary schematic longitudinal sec-
tion of another especially preferred embodiment of the
clarifier that is useful for removing from. water a sub-
stantial amount of contaminant, in the form of sus-
pended solids, as a liquid slurry

FIG. 8 is a fragmentary view taken along line 8—8 of
FIG. 7.

FIG. 9 is a fragmentary cross sectional view taken
.along line 9—9 of FIG. 7.

FIG. 10 is an enlarged fragmentary view taken along
line 10—10 of FIG. 9 to show more clearly the con-
~ struction of a part of the collector means for aqueous
- slurry from each chamber in the working space of the
rotor housing.

FIG. 11 is a fragmentary schematic longitudinal sec-
tion of another embodiment of the clarifier showing a
modification of the collector means for the aqueous
slurry to provide a recovery of some water from the
slurry before it passes out of the rotor. )

FIG. 12 is an enlarged fragmentary cross sectional
view of the rotor of FIG. 11 taken along line 12—12,

FIG. 13 is a fragmentary longitudinal section of an-
other construction of the clarifier that is useful to sepa-
rate oil and a slurry of suspended solids from a feed lig-
uid to produce a clarified water.

FIG. 14 is a fragmentary schematic longitudinal sec-
tion of still another embodiment of the clarifier as a
modification of the clarifier of FIG. 7 by using slightly
frustoconical concentric shells instead of cylindrical
shells to form parallel chambers within the working
space of the rotor housing.

FIG. 15 is a fragmentary, schematic longitudinal sec-
tion of another embodiment of the clarifier that is use-
ful to remove some suspended solids from a feed liquid
like the apparatus of FIG. 7, to produce a slurry. and
clarified liquid, but differs from FIG. 7 in that the col-
lector means for the slurry is modified and is at the exit
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end part of the housing while the collector means for
the clarified liquid is at an intermediate location within
the housmg

FIG. 16 is an enlarged fragmentary view of the appa-
ratus shown in FIG. 15 to show the specific construc-
tion of the collector means for the slurry and is a view
taken along line 16—16 of FIG. 17.

FIG. 17 is a cross sectional view taken along line
17—17 of FIG. 16, to show the diverter plates for the
outwardly moving slurry within the collector means at
that exit end of the housing where the cylindrical shell
of the housing is offset radially outward for a larger di-
ameter.

FIG. 18 is a fragmentary schematic cross section of
a modification of the clarifier shown in FIG. 1 in which
elongated plates are present in the working chambers
to insure adequate rotary movement of liquid in each
working chamber.

FIG. 19 is a fragmentary schematic longitudinal sec-
tion of a clarifier as a modification of the clarifier of
FIG. 1, in which the modification constitutes having
within each working chamber a number of perforated

-cylindrical shells and having the exit downcomers for

separated oil relatively close to the feed inlet from the
distributor means. ;

FIG. 20 is an enlarged longitudinal section of one of
the perforated shells shown in FIG. 19.

FIG. 21 is a fragmentary schematic cross section of
another embodiment of the clarifier showing, instead of
concentric shells in the working space within the rotor
housing, a number of elongated plates angularly dis-
posed from radii of the rotor shaft.

FIG. 22 is a fragmentary schematic cross section of
another embodiment of the clarifier showing a set of
elongated partition walls, transversely curved and
stepped, within the working space of the rotor housing,
as another alternative to the use of concentric shells to
provide elongated parallel chambers.

FIG. 23 is a fragmentary view taken along line
23—23 of FIG. 22. »

FIG. 24 is a fragmentary schematic longitudinal sec-
tion of still another embodiment of the clarifier of the
invention, useful for separating dissolved hydrocarbon
from water as well as any hydrocarbon suspended in
the water.

FIG. 25 is a fragmentary schematic longitudinal sec-
tion of another construction of the clarifier that has two
concentric working spaces within one rotor housmg
and that is useful to treat oily aqueous feed contammg
heavy and light solids suspended in it to obtain from it
a separated oil phase, two liquid slurry phases, and clar-
1ﬁed water.

Detailed Description

In the following detailed description of various em-
bodiments of the clarifier of the present invention ref-
erence is made to their use for the treatment of water
as the feed liquid. In that case, the feed water contains
a suspension of solids or liquid hydrocarbon, or both,
or the feed water contains dissolved liquid hydrocarbon
with or without suspended globules of liquid hydrocar-
bon. Such description of the application of the clarifier
for the treatment of water is merely illustrative. The ap-
paratus of this invention is obvrously useful for treat-
ment of other liquids containing suspension of solids
and/or globules of an immiscible liquid present in a
small concentration such as described above for an
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aqueous system contaminated by solids and/or liquid
hydrocarbon, e.g., oil.

"The centrifugal clarifier shown in FIG. 1 has a rotor
generally indicated at 30, an outlet pipe 31 to receive
one of the separated liquid phases from the clarifier,
another outlet pipe 32 to receive the other separated
liquid phase from the clarifier, a valve 33 in pipe 31,
and a valve 34 in pipe 32.

The rotor 30 has a rotor shaft 35. The elongated in-
termediate portion of shaft 35 is enclosed by a rotor
housing generally indicated at 36. Within housing 36 is
an elongated working space of annular cross section.
The housing 36 includes a pair of circular end discs 37
and 38 mounted on shaft 35 at the opposite ends of the
intermediate portion of the shaft 35 for rotation with
shaft 35. The housing 36 also includes a cylindrical
shell 39 connected at its ends to the peripheral margin
of discs 37 and 38 to complete the enclosure of the in-
termediate portion of shaft 35. :

The shaft 35 has a longitudinal inlet passageway 40
that extends inwardly from one end of shaft 35 to one
end of its intermediate portion where it communicates
with a radial passageway 41 that communcates with
that end of the space within housing 36. The other end
of shaft 35 has a pair of coaxial longitudinal outlet pas-
sageways 42 and 43, The outer passageway 43, of these
coaxial passageways, extends inwardly to the other end
of the intermediate portion of the shaft 35 where it
communicates with a radial passageway 44 that com-
municates with the other end of the space within hous-
ing 36. The inner passageway 42, of the coaxial pas-
sageways, extends further inwardly of shaft 35 to a po-
sition at which it communicates with a radial passage-
way 45 that communicates with an intermediate part of
the working space in housing 36.

The outlet pipes 31 and 32 are connected to shaft 35
by a conventional, well-known construction whereby
pipes 31 and 32 remain stationary while shaft 35 ro-
tates and during this relative movement pipes 31 and
32 remain in communication with outlet passageways
42 and 43, respectively. Conventional constructions
that provide these communications between outlet
pipes and a revolving rotary shaft are disclosed in nu-
merous patents including U.S. Pats. Nos. 3,344,982
and 3,344,983, mentioned above. Similarly, the other
or inlet end of shaft 35 is connected to an inlet pipe
(not shown) that communicates with inlet passageway
40 to provide feed liquid to the clarifier. Also, the clari-
fier is constructed in a conventional manner, e.g., as
shown in the both patents mentioned above, to include
a driven sheave (not shown) to drive shaft 35 at a de-
sired rotational speed. Of course, shaft 35 is rotatably
mounted with bearings (not shown). on a suitable sup-
porting structure (not shown).

Within rotor housing 36 and spaced from discs 37
and 38 are circular discs 50 and 51, respectively. The
disc 50 has concentric bands of holes 52. The chamber
defined by disc 37 of housing 36 and disc 50 with its
holes 52 provides distributor means at one end of hous-
ing 36 whereby feed liquid is distributed through holes
52 to the working space within housing 36 between
discs 50 and 51. The disc 51 also has a number of con-
centric bands of holes 53. Through holes 53 flows one
of the separated liquid phases. That liquid phase passes
thereby into the space between disc 51 and disc 38 of
housing 36. The disc 51 with its holes 53 cooperates

with disc 38 to provide collector means for that sepa-

12
rated liquid phase from the working space within hous-
ing 36. : :
Mounted between discs 37 and 50 are radial baffles
55 that extend from adjacent shaft 35 to a position ad-

5 jacent shell 39, The baffles 55 are connected to disc 37,
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or disc 50, or both, so that baffles 55 move about the
axis of shaft 35 when that shaft and, of course, housing
36, are rotated. The space between discs 51 and 38 is
similarly provided with radial baffles 56.

The radial passageway 41 communicates with the
space between discs 37 and 56 while radia) passageway

44 communicates with space between discs 38 and 51.

The radial baffles 55 impart rotational speed to feed
liquid in the space between discs 37 and 50 so that the
feed liquid is subjected to increase centrifugal force be-
tween passage through holes 52. Most of the energy
used to provide this rotational speed is recovered when
separated liquid phase, after passage through holes 53
of disc 51, passes radially inward in the space between
discs 38 and 51. This recovery of energy is due to the
presence of radial baffles 56 of rotor 30 in the space of
collector means. Most of the liquid introduced as feed
liquid passes to. the outlet passageway 42 by passing
through that collector means in the clarifier of FIG. 1
because the clarifier is constructed so that the clarified
liquid phase passes through that collector means. This
is because the feed liquid is oily water in which the
major constituent is water and the contaminant is oil.
In that case, the major liquid is heavier and thus is col-
lected by that collector means from a number of elon-
gated parallel chambers between discs 50 and 51.
Those chambers are provided by a number of equally
spaced concentric cylindrical shells 60 connected at
their ends to discs 50 and 51 so that shells 60 are in the
working space mentioned above. Within those cham-
bers, the heavier liquid, i.e., water, of feed oily water
is moved radially outward toward the inner surface of
each shell 60 for each of the parallel chambers, except
the outermost chamber. That chamber is defined by the
outermost shell 60 and shell 39 of housing 36. In that
outermost chamber, the water moves toward shell 39.
Of course, shells 6C are mounted so that they are an in-
tegral part of rotor 30 to be rotated with shaft 35.
Each of the concentric shells 60 has openings at two
or more radii. At these openings are mounted down-
comers 61 to extend radially inward. The inner end of
these downcomers 61 except for downcomers 61
mounted on the innermost shell 60 are adjacent but
spaced radially outward from the next adjacent radially
inward shell 60. The downcomers 61 constitute the
other collector means and taken together they receive
the other separated liquid, viz., oil, from the parallel
chambers in the working space within housing 36. The
downcomers 61 are preferably, as shown, sets of radi-
ally aligned downcomers 61 that are at various radii at
a transverse plane at which is located radial passageway
45 that receives this second separated liquid phase. The

_ important control of the rate of withdrawal of this lig-

60

uid phase from rotor 30 is made possible by the pres-
ence of valve 33. In each parallel chamber an oil layer
is formed to provide a thickness that is just sufficient to
provide a head for passage through the openings in
shell 60 and through downcomers 61 to the innermost
parallel chamber. The valve 33 is adjusted to control
the rate of removal of oil from the innermost parallel
chamber to prevent an accumulation in it such that oil
would pass out holes 52 of the inner radial band to be
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removed undesirably with clarified water from the
other chambers. To ensure such control with this de-
sign of the clarifier, the flow rate through valve 33 can
be such that a small amount of water is withdrawn with
the oil. This avoids accumulation of oil in the innermost
parallel chamber,

As seen in FIG. 1, holes 52 are provided in disc 50
at radial distances that are approximately midway be-
tween the top and bottom of each of the parallel cham-
bers. As a result, feed liquid is introduced to each
chamber at an elevation radially outward of the sepa-
rated oil layer in each chamber, i.e., outwardly of the
interface between separated oil and separated clarified
water. This construction minimizes remixing of sepa-
rated oil. As seen also in FIG. 1, the holes 53 in disc 51
are at radial distances to communicate separately also
with different parallel chambers. For a particular radial
height, each hole 53 is located to have its radially out-
ermost part at the inner surface of shell 60 that defines
the outermost part of the chamber with which holes 53
communicate. This location of holes 53 ensures that
clarified liquid only is withdrawn through holes 53 from
the parallel chambers.

It is seen further in FIG. 1 that feed liquid, after hav-
ing centrifugal energy imparted to it within the distribu-
tor means, passes parallel, in separate flows, to the lon-
gitudinal axis of shaft 35 and thus normal to the centrif-
ugal force field through the elongated parallel cham-
bers where the major portion of the separation of the
feed liquid into two liquid phases occurs. Because the
‘water content constitutes almost all of the feed liquid,
the major flow of liquid within the working spaces:is
from holes 52 of the distributor means to holes 53 of
the collector means for clarified water. Within the lat-
ter collector means there is radially inward flow just as
there is radially outward flow within the distributor
means. However, the major separation occurs within
the parallel chambers created by the presence of con-
centric shells 60 within the working space of housing
36.

As seen in FIG. 2, holes 52 at each radial height or
distance are provided at various radit so that the holes
52 in disc 50 are located at concentri¢ bands of disc 50.
The holes 52 of each band are located to communicate
the space between discs 37 and 50 with a specific paral-
lel chamber. It is seen also that the area of openings 52
increases with the distance of the holes from the longi-
tudinal axis of the shaft. The same is true for the areas
of holes 53 in disc 51. In FIG. 2, holes 52 are depicted
* as generally rectangular in shape, but-this shape is not
necessary. As a matter of fact, it is not necessary that
they be in radial alignment as seen in FIG. 2. As seen
in FIG. 3, a number of round holes are shown merely
as a convenient way of emphasizing that the total area
of holes 53 of a particular band is generally propor-
tional to the square of the average radial distance of the
associated working chamber from the axis of rotation.
This limitation is depicted in the embodiment shown in
FIG. 1 as existing for the collector means including disc
51. Alternatively, such construction of holes 53 can be
the construction of holes 52 of the distributor means,
so that the total area of holes 52 at each of the concen-
tric bands of holes in disc 50 is generally proportional
to the square of the average radial distance of the asso-
ciated working chamber from the rotational axis.

In addition to baffles 56, between discs 38 and 51,
there are present, in that collector means for clarified
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water, a number of shorter radial baffles 65 and a num-
ber of still shorter radial baffles 66. The baffles 65 and
66 extend radially inwardly generally from a position
adjacent shell 39 at radii between baffles 56. The baf-
fles 56 and 66 provide further recoupment of energy
from clarified water as it passes radially inward be-
tween discs 38 and 51.

It is apparent from the foregoing description of the
clarifier of FIG. 1 that discs 37 and 50 constitute essen-
tially a hollow circular disc as a distributor means with
its holes 52 facing the working space of the rotor and
with the hollow chamber in communication with radial
inlet passage 41. Similarly, there is at the other end of
housing 36 a hollow circular disc, as the collector
means for clarified liquid, comprising discs 38 and 51
with holes 53 facing the working space and the cham-
ber communicating with radial outlet passageway 44.
Of course, for these hollow discs their peripheral walls
are the end margins of cylindrical shell 39. ‘

Referring to FIG. 5, that clarifier of the invention is
the same as the clarifier of FIG. 1, except for the con-
struction of the distributor means. The collector means
for clarified liquid can be modified in the manner de-
scribed below for the distributor means, except for the
location of exit holes for flow of clarified liquid from -
the parallel chambers. ,

As will be apparent, concentric shells 60 in the em-
bodiment of FIG. 5 extend to discs 37 and 38. Instead
of circular discs 50 in the construction of FIG. 1 coop-
erating with disc 37 of housing 36 to provide the dis-
tributor means, the clarifier of FIG. 5 has a number of
radial pipes 67 adjacent disc 37. The pipes extend radi-
ally inward from shell 39 to a hollow manifold ring 68
mounted on shaft 35 so that the chamber of ring 68
communicates with passageway 41. The ring 68 has
holes 69 in its outer peripheral wall communicating the
chamber of ring 68 with pipes 67. Each of pipes 67 has
a number of openings 70. Each opening 70 of a pipe
communicates with one of the annular chambers be-
tween a pair of shells 60, between innermiost shell 60
and and shaft 35, or between outermost shell 60 and
shell 39. The radially innermost opening 70 of each
pipe 67 cooperates with an opening in the top portion
of one of the sidewalls of ring 68 to provide an opening
that permits a smoother flow pattern for feed liquid
into the innermost chamber of rotor 30. The openings
70. of all pipes 67, taken as a whole, are disposed in
concentric circles and the total area of openings 70 at
each circle is generally proportional to the square of
the average radial distance of the associated elongated
chamber to which feed liquid flows from openings 70.
This is schematically, but not precisely, indicated by
the different sizes of openings 70 in some of radial
pipes 67 shown in FIG. 6, just as was the case for holes
53 in disc 51 in the construction shown in FIG. 3 for
first embodiment of the clarifier.

As in the case of holes 52 in the clarifier of FIG. 1,
openings 70 are located at radial distances approxi-
mately midway of the radial height of the correspond-
ing elongated parallel chamber. When the collector
means for clarified water is constructed in a similar
manner, rather than the construction shown in FIG. 1,
the openings comparable to openings 70 in the radial
pipes for that collector means are located at greater ra-
dial distances so that they are positioned comparable to
the location of holes 53 in the collector means for clarj-
fied liquid shown in FIG. 1.
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The embodiment of clarifier of the invention shown
in FIG. 7 is constructed like the embodiment of FIG. 1
except as described below. The clarifier of FIG. 7 can
be further modified to utilize radial pipes for the dis-
tributor means, or for the collector means for clarified
water, or for both, in accordance with the description
above with respect to FIG. 5.

Instread of openings in shells 60 at which downcom-
ers 61 are mounted, as in the case for the construction
of FIG. 1, shells 60 have at various radii a.number of
radially aligned openings. These openings are closer to
the collector means for clarified water than to the dis-
tributor means. Through each set of these sets of radi-
ally aligned openings is mounted a pipe 71 that extends
from shaft 35 to shell 39. Within each pipe 71 and con-
centric with it is a smaller diameter pipe 72 that ex-
tends essentially from shaft 35 to a position adjacent
but spaced from shell 39. The one end of each pipe 72
communicates with a hollow manifold ring through an
opening in the latter and thereby communicates pipes

- 72 with radial passageway 45 in the same manner as de- ,

scribed above in connection with the construction of
pipe 67 and hollow manifold ring 68 of the clarifier of
FIG. 5. For convenience, in the schematic showing of
FIG. 7 this specific construction is not shown.

Each of the pipes 71 has a set of openings 73 at dif-
ferent radial distances. The openings 73 of each pipe
71 are at radial distances comparable to holes 53 of
disc 51 so that each opening 73 of any pipe 71 receives
separated clarified water from one working chamber.
The openings 73 of each pipe 71 can be of the same
area because the limitation with respect of total areas
of openings 73 in a circle is not applicable. Rather, that
limitation is applicable to holes 52 in disc 50 and/or to
holes 53 in disc 51. The clarifier of FIG. 7 also differs
from that of FIG. 1 by the location of holes 53 in disc
51. Through holes 53 flows separated clarified water
that is lighter than the other separated liquid- phase.
Thus holes 53 are located adjacent the outer surface of
shells 60 and, in the case of the innermost chamber, ad-
Jacent shaft 35. :

As seen in FIG. 9, openings 73 of each pipe 71 have
vertical sidewalls. At the underside of each shell 60 and
the underside of shell 39, there are located a set of baf-
fles 74 that are at a plane transverse. to the rotor. The
baffles 74 have their ends spaced from one another.
The baffles 74 are arcuated with a curvature such that
they abut the inner surfaces of shells 60 or shell 39 (see
FIG. 9). The height of each baffle 74 corresponds with
the radial height of openings 73. The ends of each baf-
fle 74 are positioned so as to abut the vertical sidewalls
of opening 73 of adjacent pipes 71. The baffles 74 in
each working chamber prevent liquid slurry separated
from feed water containing suspended solids and of a
depth less than the height of baffles 74 from passing be-
tween pipes 71. This is because the liquid slurry during
the centrifugal separation moves to the outer part of
each working chamber. In addition to being arcuate in
a plane transverse to the longitudinal axis of shaft 35,
each baffle 74 is V-shaped in a plane normal to the
transverse plane with its apex directed upstream, i.e.,
toward the distributor means, as seen in FIGS. 7 and 8.
Because of this V-shaped construction, baffles 74 serve
not only as dams for liquid slurry but also serve as di-
- verters to cause liquid slurry to flow towards openings
73. ’
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In the clarifier of FIG. 7, liquid slurry that passes
through openings 73 of each radial pipe 71 flows radi-
ally outward, i.e., toward shell 39, and then flows radi-
ally inward through pipe 72 (see arrow in FIG. 10).
This liquid slurry then flows through radial passageway
45 and out longitudinal passageway 42. .

The rate of flow of liquid slurry through passageway
42 is controlled by valve 33 in outlet pipe 31, as in the
clarifier of FIG. 1. Of course, clarified water flows out
holes 53 in disc 51 and then radially inward to flow out
passageways 44 and 43. ‘

The clarifier of FIG. 11 has the same construction as
that of clarifier of FIG. 7 except as described below. In
the clarifier of FIG. 11, each of pipes 71 has a larger di-
ameter than each pipe 71 of the clarifier of FIG. 7 and
its inner end is spaced from shaft 35. That inner end is
at a location intermediate the radial height of the inner-
most working chamber that is defined by shaft 35 and
innermost shell 60. Each inner pipe 72 is shorter than
in the construction of FIG. 7.. :

The inner end of each pipe 72 is connected to an
outer peripheral opening of a manifold ring 75 that is
entirely open at its inner periphery so that the sidewalls
of ring 75 engage shaft 35. The inner portion .of the
sidewalls of ring 75 are straight and parallel. The dis-
tance between these sidewalls corresponds to the diam-
eter of the associated pipe 71. The outer portions of the
sidewalls of ring 75 converge toward the outer periph-
eral wall of ring 75 so that there is a smaller distance
between them. That distance corresponds to the diame- _

ter of pipes 72. As seen in FIG. 11, each of pipes 71 has

its inner end joined to manifold ring 75 at the juncture
of the inner parallel sidewall portions and the outer
converging sidewall portions. These junctures are, of
course, radially inward of the innermost opening 73 of
each pipe 71 so that liquid slurry from the innermost
working chamber can flow into pipe 71 and then radi-
ally outward to shell 39, _

" The manifold ring 75 provides a chamber within
which a fairly large volume of liquid slurry can accumu-
late. This liquid slurry cannot flow out of this chamber
directly into radial passageway 45. This is because the
clarifier includes, within the chamber provided by man-
ifold ring 75, a pipe 76 mounted on shaft 35 so that its
radially inner end communicates with passageway 45,
As seen in FIG. 12, passageway 45 and thus pipe 76 are
not in radial alignment with any of pipes 72, whereas
in the clarifier of FIG. 7, passageway 45 may or may
not be in radial alignment with one of pipes 72. In the
chamber provided by manifold ring 75, the capacity
being much larger than in the case of a manifold ring,
like manifold ring 68 of FIG. 5, there is a further cen-
trifugal separation of water from the liquid slurry. The

> further separated liquid slurry flows out pipe 76, while

the separated water in that chamber collects adjacent
shaft 35 and is withdrawn through a radial passageway
77 that communicates with a longitudinal outlet pas-
sageway 78 that is between and concentric with pas-
sageways 43 and 44. The passageway 78 is in communi-
cation with an outlet pipe (not shown) that thereby re-
ceives, as a secodary product, a water having a higher

-suspended solids content that clarified water but a

smaller solids content than liquid slurry flowing out
passageway 42. The secondary product water may be

_recycled to the clarifier by admixture with feed water.
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The clarifier of FIG. 13 is a modification of the clari-
fier of FIG. 7 in that each shell 60 has openings that are
upstream of pipes. 71 and at these openings are
mounted downcomers 61 as constructed for the clari-
fier of FIG. 1. The clarifier of FIG. 13 is useful to treat
water containing suspended oil and suspended solids.
Because of its construction, the clarifier of FIG. 13 pro-
vides a recovery of three separated liquid phases ob-
tained by the centrifugal separation of the oily water
containing suspended solids.

As in the case of the construction of the clarifier of
FIG. 7, radial passageway 45 receives liquid slurry from
tubes 72 through a manifold ring (not shown, but like
manifold ring 68 of FIG. 5). The radial passageway 44
receives clarified water from the collector means be-
tween discs 38 and 51. The separated oil from each
working chamber flows radially inward through the set
of radially aligned downcomers 61 and, from the inner-
most working chamber, separated oil flows into a radial
passageway 79 that is in communication with the inner
end portion of a longitudinal passageway 80. The sepa-
rated oil flows out passageway 80 that is inside and con-
centric with inlet passageway 40. Of course, passage-
way ‘70 extends further inwardly of shaft 35 than does
passageway 40,

The clarifier of FIG. 14 is identical to clarifier of FIG.
7, except as described below. In the clarifier of FIG. 14,
equally spaced shells 60 and shell 39 are slightly frusto-

_conical, i.e., a frustum of a hollow cone with a small in-
cluded angle instead of being cylindrical. There is only
a small difference between the diameters of the ends of
shells 60. As seen in FIG. 14 all, except the innermost,
of the working chambers are parallel with one another
even though slightly inclined from the longitudinal axis
of shaft 35. Those chambers are inclined to diverge
from the longitudinal axis in a direction away from the
distributor means so that, as the parallel flows through
the working chambers proceeds, the centrifugal force
increases. In the innermost chamber, that is defined by

shaft 35 and innermost shell 60, the cross-sectional 4

area increases from the distributor means to the collec-
tor means for clarified water. That working chamber
has the least centrifugal force applied to liquid in. it;
however, the residence time of the liquid in that cham-
ber is greater than that in the other chambers. This is
primarily because of total area of holes 52 and/or holes
53 of each circle of holes 52 and or holes 53 are in ac-
cordance with the limitation mentioned earlier. The
residence time is further increased by the increased
volumetric capacity of that inner chamber as compared
with volumetric capacity it would have if shells 60 (and
shell 39) were fully cylindrical as in FIG. 7.

Each of pipes 71 in the clarifier of FIG. 14 has its ra-
dially inner end closed. The pipe 72 passes through that
closed end that is spaced a substantial distance from
shaft 35, but is still below opening 73 in the innermost
working chamber. This is a modification from that
shown in FIG. 7 but the constructions are interchange-
able. '

The clarifier shown in FIGS. 185, 16, and 17 differs in
_construction from the clarifier of FIG. 7 in the follow-
ing manner. Instead of the collector means for clarified
water being at the downstream end of rotor housing 36,
that collector means is at an intermediate location and
is constructed like the collector means for oil at such
intermediate location in the clarifier of FIG. 1. This is

possible because the clarifier is used to separate clari-
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fied water from the other separated heavier liquid
phase, that is, liquid slurry. This collector means for
clarified water comprises sets of radially aligned down-
comers 61 mounted on shells 60 in alignment with
openings in those shells. In this construction, the other
collector means, namely, the collector means for liquid
slurry, is at the downstream end of housing 36. In this
construction, pipes 71 are absent. Instead, there is pres-
ent a disc 51 with openings 53 spaced from disc 38.

As seen in FIG. 15, disc 38 is of larger diameter than
disc 37 to enclose the downstream end of the housing
provided with the modified shell 39 that is in this con-
struction -provided with a radially outward offset end
portion 39'. The end chamber containing offset portion
39’ and enclosed by discs 38 and 51, has within it a
number of radial pipes 72 that extend beyond the diam-
eter of the normal part of shell 39 at different radii.
Within this chamber, provided in part by the offset por-
tion 39, are located a number of diverted plates 81 ar-
ranged to form a polygonal construction with each
Jjuncture of adjacent sides being in alignment with the
longitudinal axis of a radial pipe 72 (as seen in FIG.
17). The liquid slurry passes from the working cham-
bers through holes 53 to this end chamber and then ra-
dially outward toward the outermost portion of the that
chamber that serves as a collector trough where the
slurry is diverted to radial pipes 72 through which it
passes inwardly to passageway 44. Of course, as in
other constructions mentioned above, pipes 72 have
their. inner ends connected to openings in a manifold
ring (not shown) that communicates with passageway
44

In view of the construction described above for clari-
fier of FIG. 15, in that the collector means for liquid
slurry is downstream of the collector means for clari-
fied water, it is unnecessary to have baffles, such as baf-
fle 74, adjacent openings 73 of pipes 71 of the collector
means to receive liquid slurry. There is no place for
slurry to go except through openings 53 of disc 51.

The clarifier of FIG. 18 is a modification of one of
more of the clarifiers mentioned above. It is illustratied
as a modification of the clarifier of FIG. 1. The modifi-
cation comprises including within each parallel work-
ing chamber a larger number of closely spaced elon-
gated plates 82 that extend from one end of the work-
ing space to the other and are angularly disposed with
respect to radii of the rotor. The principal purposes of
the baffles of this construction are to reduce the radial
distance of travel before a particle of contaminant
contacts a solid surface and to provide “‘inclined” sur-
faces along which the contaminant travels radially.

The clarifier shown in FIG. 19 is a modification of

clarifier of FIG. 1. Such modification can be suitably

incorporated in other clarifiers described above. In
each working space of the clarifier of FIG. 19 there are
mounted concentric perforated shells 83 that extend
from the downstream end collector means, that is from
disc 51. Within each working chamber, perforated
shells 83 having increasing length, with the longest shell
83 being the outermost of the set. FIG. 20 shows one
of shells 83 with its perforations 84.

The purpose of the set of perforated shells 83 in each
working chamber is to permit separate globules of oil
at several annular strata to accumulate more readily.
They accumulate on the outer surface of these shells
and then, as larger globules, pass downwardly through
perforations 84 to the outer surface of shells 60 (or
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shaft 35 in the case of the innermost chamber). This
minimizes remixing of separated oil with water. To
eliminate the necessity of separated clarified water to
flow from the downstream end of the chamber entirely
-to openings 53 at their normal location, there are addi-
tional holes 85 between adjacent shells 83 and between
the innermost shell 83 and adjacent shell 60. The
downcomers 61 are located upstream of the location of
the longest perforated shell 83.

For each working chamber, the total area of holes 52
is generally proportional to the square root of the dis-
tance is mentioned above. Alternatively, this limitation
can be applicable to the total area of holes 53 and holes
85 for each chamber or the limitation could be applica-
ble to both the distributor means and that collector
means. ‘

The clarifier shown in FIG. 21 is the same construc-
tion as the clarifier of FIG. 1, except concentric shells
60 are absent and downcomers 61 are absent. Instead,
between discs 50 and 51 there are located a number of
elongated plates 90 that are disposed about the work-
ing space within housing 36. These plates 90 extend
from disc 50 to disc 51. The plates 90 are angularly dis-
posed with respect to the radii of shaft 35, as seen in
FIG. 21. Of course, shaft 35 has radial passageways 41,
44, and 45, and longitudinal passageways 40, 42, and
43. The plates 90 are present for the purposes - de-
scribed above for plates 82 in the clarifier of FIG. 18.
The shaft 35 rotates clockwise, as the clarifier is viewed
in FIG. 21. The plates 90 definé a number of parallel
chambers through which liquid flows in parallel paths
while being subjected to centrifugal force in the work-
ing space within housing 36. Within each of these elon-
gated chambers, a fluid is introduced by one set of
holes 52 at many radial distances. Those holes 52 for
a specific chamber are generally at a plane midway be-
tween the two plates 90 that define the chamber. Oil
separates from oily water introduced in each chamber
and flows radially inward until it meets the trailing sur-
face of the leading plate 90 defining part of that cham-
ber. As aresult, a layer of oil accumulates about shaft
35 and flows out radial passageway 45. In each cham-
ber, water remains essentially at the same radial level

. and passes out holes 53 in. disc 51. The holes 53 are at
concentric bands are described for holes 52.

This construction of a clarifier of the present inven-
tion, of course, has the limitation of total area, vis-a-vis
square of radial distance with respect to openings at an-
nular bands, each of which passes through ail parallel
chambers. This construction does not have a number of
working chambers that are concentrically disposed but
does provide for separate parallel flow and for each
chamber longitudinal flow rate increasing radially out-
ward.

In the clarifier of FIGS. 22 and 23, there is instead of
a set of concentric cylindrical shells 60 and downcom-
ers 61 a set of elongated partition walls 92 that are
transversely curved and stepped. As seen in FIG. 21,
this set of partition walls 92 provides a number of paral-
lel chambers that extend from disc 50 to disc 51 for
separate parallel flow of liquid from the distributor
means to the collector means for clarified water. These
chambers are not concentric, but each chamber has a
series of stepped arcuate bands in which the stepping
of each from housing shell 39 to shaft 35 is such that
there is a space at the start of each step between parti-
tion wall 92 and the next adjacent partition wail 92,
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Through this space flows separated oil that by a step
flow moves radially inward to shaft 35 and then to out-
let radial passageway 45. The water flows from the dis-
tributor means to the collector means for clarified
water essentially at the same radial level as introduced.
At each band of radial height, holes 52 have total area
corresponding to limitation mentioned above for other
embodiments of the clarifier of the invention. ‘
The clarifier of the invention that is shown in FIG. 24
differs from the clarifier of FIG. 1 in a number of re-
spects as described below. The clarifier of FIG. 24 is

“directed to the centrifugal separation of an'aqueous

feed that contains a small amount of dissolved hydro-
carbon oil, with or without suspended oil. The dis-
solved hydrocarbon is primarily, if not entirely, one or
more aromatic hydrocarbons that have a greater solu-
bility in water than do aliphatic hydrocarbons and
naphthenic hydrocarbons. The clarifier of FIG. 24 re-
duces dissolved hydrocarbon content of the aqueous
feed and, of course, reduces content of suspended oil,
if present, in the aqueous feed. :

The apparatus of FIG. 24 includes means to mix the
aqueous feed with a diluent oil, illustratively of an ali-
phatic hydrocarbon type, with the aqueous feed before -
introducing the aqueous feed into longitudinal passage-
way 40 of shaft 35. To accomplish this, a pipe 94 com-
municates with an aqueous feed inlet pipe 95 that is
connected to the inlet of a pump 96 having. its outlet
connected to a pipe 97 that communicates with inlet
passageway 40. The aliphatic hydrocarbon diluent oil
is mixed with aqueous feed in pump 96 and extracts a
substantial part of the aromatic hydrocarbon content
dissolved in the aqueous feed. The admixture flows
from passageway 40 through radial passageway 41 into
the chamber defined by rotor housing 36. This intro-
duction is through short radial pipes 98 at different
radii within that chamber and communicating with ra-
dial passageway 41 by a manifold ring (not shown).
The pipes 98 have the same length to discharge the ad-
mixed feed at the same radial distance.

In the clarifier of FIG. 24, passageway 40 extends fur-
ther inwardly of shaft 35 than in the case of passageway
40 in the clarifier of FIG. 1. The inner end of passage-
way 41 is approximately midway of the intermediate
portion of shaft 35 enclosed by housing 36. The partic-

~ ular location of passageway 41 and radial pipes 98
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along the longitudinal axis is such that the outlets of
pipes 91 are located at a transverse plane that is a sub-
stantial longitudinal distance from the distributor
means defined by discs 37 and 50.

As seen in FIG. 24, the inner annular portion of the
chamber enclosed by housing 36 does not have any of
the set of equally spaced concentric cylindrical shells
60. Instead, the inner portion has a set of spaced con-
centric perforated -cylindrical shells 99. Each of the
pipes 98 extends radially outward through radially
aligned openings in the innermost shells 99 of the set
to introduce this admixture.of aqueous feed and diluent
oil at a radial distance less than that of some of shells
99. Thus there are perforated shells 99 radially outward
of the outlets of pipes 98 and some shells 99 radially in-
ward of the outlets. ~

The shaft 35 contains a radial passageway 100 be-
tween passageway 41 and the transverse plane contain-
ing housing disc 37. The passageway 100 communi-
cates with a longitudinal passageway 101 that is con-
centric with and outside inlet passageway 40. Sepa-
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rated diluent oil flows out passageway 100 and then out '

passageway 101 to a valved outlet pipe (not shown).
The clarifier of FIG. 24 differs also from FIG. 1 in that
there is no radial outlet passageway 45 and no longitu-
dinal outlet passageway 43. This is because passage-
ways 100 and 11 are used to remove separated oil.

In the operation of the clarifier of FIG. 24, sufficient
diluent oil is accumulated in the chamber of housing 35
to provide an interface between it and the heavier
aqueous liquid located between the outermost perfo-
rated shell 99 and the innermost shell 60. The admix-
ture of diluent oil and aqueous feed passing out of pipe
98 is separated by centrifugal action within the body of

-accumulated diluent oil. The aqueous liquid flows radi-
ally outward to the body of aqueous liquid between the
interface and innermost shell 60. Aqueous liquid from
that body of aqueous liquid flows toward disc 37. The
disc 50 extends radially inward from housing shell 39
only to the end of innermost shell 60, so that aqueous
liquid from the body of liquid mentioned above can
flow radially outward between disc 37 and disc 50. The
flow of aqueous liquid from that body of liquid to disc
39 is prevented by disc 51 that extends from housing
shell 39 to shaft 35. Thus, there is only one outlet for
aqueous liquid from the body of aqueous liquid. That
outlet is the distributor means located only at the outer
annular portion of the one end of the rotor housing,

The distributor means includes disc 50 with its holes
52 that are disposed at concentric bands corresponding
to the parallel chambers provided between shells 60 or
shell 60 and shell 39 for the outer chamber. There are
similar bands of holes 53 in disc 51. The limitation of
total area of holes 52 of a band of those holes and/or
the total area of holes 53 of a corresponding band of
those holes with respect to the square of the radius is
applicable in the manner described for the other em-
bodiments.

As in the case of clarifier of FIG. 1, each shell 60 has
about its periphery a number of openings at which are
mounted downcomers 61 to provide sets-of radially
aligned downcomers 61. The downcomers 61, that ex-
tend radially inward from innermost shell 60, are suffi-
ciently long to extend through the interface between
diluent oil and aqueous liquid in the inner annular por-
tion of the chamber of housing 36. Those longer down-
comers 61 can extend through some of the set of perfo-
rated shells 99.

The radial distances of holes 52 and 53 associated -

with each chamber, in the clarifier of FIG. 24, are the
same as described above with respect to the clarifier of
FIG. 1.

It was mentioned above that separated oil flows out
passageway 101 to a valved outlet pipe. The rate of
withdrawal of oil from rotor 30 is determined by the
setting of the valve. That valve is controlled to prevent
an accumulation of separated oil between outermost
perforated shell 99 and innermost shell 60 such that the
interface would  shift radially outwardly until there
would no longer be a body of aqueous liquid radially
inward of innermost shell 60 to provide aqueous feed
only to the inlet chamber between discs 50 and 37. Of
course, the setting of that valve is made in light of the
fact that diluent oil is being added at a predetermined
rate by pipe 94.

The solubility in water of hydrocarbons of a particu-
lar class decreases with increase of molecular weight.
Thus the diluent oil may be an aromatic hydrocarbon,
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instead of aliphatic and/or naphthenic hydrocarbon,
provided the diluent oil has a substantially higher mo-
lecular weight than the aromati¢ hydrocarbon in the
aqueous feed.

The clarifier of FIG. 25 is a clarifier with an integral
construction that provides two concentric working
spaces within one rotor. That clarifier is useful to sepa-
rate an aqueous feed containing oil and suspended sol-
ids of two different densities into clarified water, two
aqueous slurries and oil. Because of its construction, it
may also be called a two-stage multipass clarifier for
removing suspended oil and solids from aqueous feed.

As in the case of clarifier of FIG. 1, shaft 35 in FIG.
25 has longitudinal passageways 40 and 42 extending
inwardly from opposite ends to the intermediate por-
tion of shaft 35 that is enclosed by housing 36. The pas-
sageway 40 communicates with radial passageway 41
to introduce aqueous feed to the distributor means.
The passageway 41 has the same location as passage-
way 41 in the clarifier of FIG. 1, that is, in alignment
with the distributor means at the one end of the cham-
ber of housing 36. The passageway 42 communicates
with radial passageway 45 that is spaced inwardly of the
other end of the chamber provided by housing 36, as

_is the case for passageway 45 of FIG. 1 to receive sepa-

rated oil and as is the case for passageway of FIG. 7 to
receive separated aqueous slurry. In the case of the
construction of clarifier of FIG. 25, passageway 45 re-
ceives aqueous slurry from the collector means con-
structed in the inner annular working space of the clari-
fier. That distributor means is a construction like that
shown in FIG. 7. Thus, it includes about shaft 35 a set
of outer radial pipes 71 at various radii in a common
plane and inner concentric radial pipes 72 in pipes 71.

As in the construction of the clarifiers of FIGS. 1 and
-7, there is a number of equally spaced concentric cy-
lindrical shells 60 that can be referred to as an inner set
and an outer set. Thus, there are two sets of parallel
chambers .through which liquid flows parallel to the
longitudinal axis of shaft 35 and normal to the centrifu-
gal force created by rotor 30, In the inner set of parallel
working chambers, the flow is from left to right, as
viewed in FIG. 25, whereas the major flow of liquid in
the outer set of parallel chambers is from right to left.
The two sets of parallel chambers ar separated by a
shell 60 that provides a common wall for the outermost
chamber of the inner set and the innermost chamber of
the outer set. At the radial distance of that common
shell 60 is mounted a short cylindrical shell 102 be-
tween discs 37 and 50 to separate the chamber defined
by the annular chamber between discs 37 and 50 into
an outer annular chamber and an inner annular cham-
ber. Thus, the distributor means defined by discs 37
and 50 extends radially outward from shaft 35 only to
shell 102. That chamber contains radial baffles 55 as in
previously described constructions for FIGS. 1 and 5.
The outer annular chamber has similar radial baffles
103. That chamber is a collector means for clarified
water and comprises the outer annular portion of disc
37 and disc 50 with its holes 52,

In the inner annular workmg space having pipes 71
and 72, the former have openings 73 at which are lo-
cated baffles 74 with a construction as shown in FIGS.
8 and 9. Aqueous feed, introduced through the inner
annular set of concentric rings of holes 52, to the inner
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annular set of parallel chambers, is separated in those
chambers into an aqueous slurry containing heavier
solids that collect as a slurry at the outer portion of
those chambers. That slurry flows through openings 73
of pipes 71. It flows radially outward and then radially
inward through pipes 72 and finally out passageways 45
and 42 to a valved outlet pipe (not shown). The valve
of that pipe is controlled to set the rate of removal of
that slurry from the parallel chambers of the rotor as
described in earlier embodiments.

The balance of the aqueous feed flows from the inner
annular set of parallel chambers through holes 53 that
are located at radial distances as described for holes 53
of the clarifier of FIG. 7. That liquid flows radially out-
ward in the chamber between discs 38 and 51 with in-
creased rotational motion due to radial baffles 56 that
extend in that chamber from adjacent shaft 35 and
housing shell 39. This aqueous liquid then flows
through the outer annular set of concentric rings of
holes 53 that are located with respect to the associated
parallel chambers in the same manner as described
above with respect to holes 52 in disc 58 of the distribu-
tor means of clarifier of FIG. 1.

The outer annular portion of the chamber within
housing 36 has a number of radial pipes 104 at various
radii in a common transverse plane. The pipes 104 ex-
tend from housing shell 39 to common shell 60 that
closes the inner end of pipes 104. These pipes 104 are
adjacent but spaced from disc 50. Extending adjacent
but spaced from shell 39 within pipes 104 are concen-
tric pipes 105 that extend radially inward through com-
mon shell 60 and the other shells 60 of the inner annu-
lar portion of the chamber within housing 39. The inner
ends of pipes 105 are connected to a manifold ring (not
shown, but like ring 68) and thereby communicate with
a radial passageway 106 that communicates with a lon-
gitudinal passageway 107 that extends along the inlet
end of shaft 35 where it is concentric with and inside
passageway 40. In this outer annular set of parallel
chambers containing pipes 104 the liquid flowing from
right to left (as viewed in FIG. 25) is subjected to a
greater centrifugal force than in the inner annular set
of parallel chambers. This results in that outer set of
parallel chambers in a further separation to provide an-
other aqueous slurry. Some of that slurry flows toward
openings 73 in pipes 104. Most flow is in a direction be-
tween pipes 104, That flow is diverted to openings 73
by baffles 74 associated with pipes 71.

At an intermediate location within this outer annular
set of parallel chambers, that is, at a location between
pipes 104 and disc 51, shells 60 of the outer set have
about their periphery a number of holes in which are
mounted downcomers 61 to provide sets of radially
aligned downcomers at various radii. Each of the down-
comers 61 for shell 60, that is common to both portions
of the chamber, extends radially inward to communi-
cate with another manifold ring (not shown) that re-
ceives from these downcomers 61 oil separated in each
paraliel chamber of the outer annular set. That mani-
fold ring is constructed like ring 68 in FIG. 5. The oil
from that ring flows into a radial passageway 108 and
from it through a longitudinal passageway 109 that ex-
tends inwardly from the inlet end portion of shaft 35
where it is coaxial with-and between passageways 40
and 104.

In the outer annular set of parallel chambers slurry of
lighter solids separates along with the separation of oil
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as described above. Intermediate of these two sepa-
rated layers is clarified water that flows out concentric
rings of holes 52 into its collection chamber mentioned
above as defined by the outer annular portion of disc
37 and that of disc 50. These outlet holes 52 are lo-
cated with respect to their associated parallel chambers
approximately midway of the height of those chambers
as in the case of inlet holes 52 in the inner annular por-
tion of disc 50, even though these outlet holes 52 are
similar in function to outlet holes 53 for the collection
chamber of clarified water in the clarifier of FIG. 1.
These holes 52 of the outer annular set are at this dif-
ferent location because there are essentially three lay-
ers and because clarified water is being removed as an
intermediate layer. In that chamber, clarified water
passes radially inward to an outlet pipe 110 connected
to a hole in disc 37 radially outside but adjacent shell
102. That pipe 116 communicates with a radial pas-
sageway 111 in an outer portion of shaft 35. From there
the clarified water flows out a longitudinal passageway
112. ‘

There are valved outlet pipes communicating with
passageways 42, 107, and 109. These valves are pres-
ent, as in the case of valve 33, in the clarifier of FIG.
1, as an important part of the clarifier of the invention.
Of course, the outlet pipe communicating with passage-
way 112 can be similarly valved to control the overall
flow rate as described earlier.

Instead of the construction shown in FIG. 25 for re-
moving clarified water.from its collector means, i.e.,
from between discs 37 and 50 radially outward of shell
162, by pipe 110, obviously the clarifier can contain
oOne or more radial pipes at- different radii extending
from a manifold ring about shaft 35 through shell 102
to communicate the collector means for clarified water
with a longitudinal passageway that would replace pas-
sageway 112,

The foregoing embodiments of the clarifier that are
useful to separate oil from water containing suspended
globules of oil, having a substantially lower specific
gravity than that of water, can be modified to provide,
with comparable effectiveness, a clarified water from
feed water containing suspended globules of hydrocar-
bon oil or other immiscible liquid lighter than water-but
having a specific gravity almost that of water. For such
treatment, the feed water is intimately mixed with a
small amount of hydrocarbon diluent that is substan-
tially lighter than water and that is miscible with the lig-
uid of the suspended globules in the feed water. The
two types of globules contact each other to provide
globules with a specific gravity lower than those in the
initial aqueous feed. This mixture may be obtained by .
the use of pipes 94 and 95 and pump 96 in the clarifier
of FIG. 24, the resultant mixture is them pumped to a
clarifier such as those in FIGS. 1 and 5.

Although the preferred aspect of the present inven-
tion requires the construction that includes the limita-
tion of valved outlet means for the separated liquid
phase containing- substantially greater contaminant
content than that of feed liquid and the limitation of
total area of openings at each band of radial distance
being basically proportional to the square of the radial
distance, some of the abovedescribed embodiments of
the clarifier of the invention also in other respects have
structure that is not obvious from the prior art. Thus,
the invention includes those clarifiers without the two
limitations mentioned in this paragraph and earlier.
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Preferably those clarifiers have such total areas propor-
tional to a radial distance taken to a power substantially
greater than one and especially preferred they are pro-
portional to that distance taken basically to a power of
two, as described earlier.

Many modifications of the clarifier of the present in-
vention will be apparent from this detailed description
and the summary of the invention. The foregoing de-
scription of preferred embodiments has been presented
for purpose of illustration only. The invention is limited
only by the claims that follow.

I claim:

1. A centrifugal clarifier for removal of contaminants
from a liquid by separating the liquid into two liquid
phases, which includes: .

a rotor comprising:

a rotor shaft; .

a rotor housing to enclose an elongated intermedi-
ate portion of said shaft so as to provide around
said intermediate portion of said shaft an elon-
gated working space of annular cross section;

a set of partition wall means in said working space
of said housing and extending generally parallel
to the longitudinal axis of said shaft from one end
part of said intermediate portion to the other end
part of said intermediate portion providing a
number of elongated parallel annular chambers
about said axis for major flow of liquid in said
working space across a centrifugal force field and
generally parallel to said axis; '

distributor means extending radially outward from
said shaft within one end part of said housing and
having concentric sets of openings at different
bands of radial distances from said axis to furnish
feed liquid separately to said chambers;

first collector means extending radially outward
from said shaft within the other end part of said
housing and having concentric sets of openings at
different bands of radial distances from said axis
to receive one of the separated liquid phases
from said chambers; and

second collector means located between said end
parts of said housing to receive the other of the
separated liquid phases from said chambers,

said rotor shaft having: o

a longitudinal inlet passageway extending inwardly
to said one end part of said intermediate portion
of the shaft; ‘

a radial passageway communicating said inner end
of said inlet passageway with said distributor
means; : .

a first longitudinal outlet passageway for one of the
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separated liquid phases extending inwardly to

said other end part of said intermediate portion
of the shaft; ‘

a radial passageway communicating said inner end
of said first outlet passageway with said first col-
lector means; L

a second longitudinal outlet passageway for the
other of the separated liquid phases extending
inwardly to: said intermediate portion of the
shaft; and

a radial passageway communicating said inner end
of said second outlet passageway with said sec-
ond collector means;

a first outlet pipe connected to said rotor to receive
from one of said first and second outlet passage-
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ways the separated liquid phase having a major
proportion of contaminant from the feed liquid;
a second outlet pipe connected to said rotor to re-
ceive from the other outlet passageway the other
separated liquid phase as a clarified liquid; and
valved means mounted on first outlet pipe to control
the rate of removal of the separated liquid phase by
said first outlet pipe,
the total area of said openings at each band of radial
distance from said axis for one of said distributor means
for feed liquid and said collector means to receive the
clarified liquid being basically proportional to the
square of the radial distance.
2. The clarifier of claim 1 wherein:
said rotor housing comprises a generally cylindrical
housing shell and two circular discs mounted on
said shaft and connected at their periphery to the
ends of said shell;
said distributor means within said one end part of
said housing comprises:
radial inlet pipes adjacent one of said circular discs
and having holes in said inlet pipes to constitute
said concentric sets of openings at different
bands of radial distances from said axis; and

means communicating the radially inner end of
said inlet pipes with said radial passageway com-
municating with longitudinal inlet passageway;
and .

said first collector means within said other end part

of said housing comprises:

radial outlet pipes adjacent the other of said circu-
lar discs and having holes in said outlet pipes to
constitute said concentric sets of openings at dif-
ferent bands of radial distances from said axis;
and

means communicating radially the inner end of
said outlet pipes with said radial passageway
communicating with said first longitudinal outlet
passageway. :

3. The clarifier of claim 2 wherein:

said set of partition wall means comprises a set of
equally spaced concentric generally cylindrical
shells spaced from said shaft and said housing shell

- in said working space;

said holes in said inlet pipes at each of said bands of

. radial distances communicating only with one of
said elongated  parallel chambers and said holes
‘being in alignment with the intermediate portion of
the radial height of the associated parallel cham-
ber; and

said holes in said outlet pipes at each of said bands
of radial distances communicating only with one of
said elongated parallel chambers and said holes
being adjacent one of the outer and inner periph-
eral portions of the associated parallel chamber.

4. The clarifier of claim 3 wherein:

each of said concentric shells has holes about its pe-
riphery at a transverse plane that is between the
said radial inlet pipes and said radial outlet pipes;

said second collector means comprises:
.downcomers mounted on said concentric shells at
said holes and extending radially inward with the
inner end of each downcomer being spaced from
the inner periphery of the parallel chamber in
which it extends, said downcomers providing sets
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of radially aligned downcomers at different radii;

said radial passageway communicating with said sec-
ond outlet passageway being at the transverse
plane containing said sets of downcomers; and
said holes in said outlet pipes communicating with
the outer peripheral portion of the associated par-
allel chamber.
5. The clarifier of claim 4 wherein said housing shell
and said concentric shells are cylindrical.
6. The clarifier of claim 3 wherein:
said second collector means is located at a transverse
plane between said radial inlet pipes and said radial
outlet pipes and comprises:
radial outlet pipes extending radially inward from
said housing shell through said concentric shells
at different radii and having said holes at each of
said bands of radial distances that are in align-
ment with the outer peripheral portion of the as-
- sociated parallel chamber;
baffles extending between adjacent outlet pipes of
said collector means at the radial distance of said
holes and constructed to divert to said holes lig-
uid at that radial distance that would otherwise
flow between those pipes toward said first collec-
tor means;
inner radial pipes concentric with said radial outlet
pipes of said second collector means and having
their outer ends spaced from said housing shell to
permit liquid flowing radially outward in said ra-
dial outlet pipes to flow radially inward in said
inner radial pipes; and '
means communicating said inner pipes with said
" radial passageway communicating with said sec-
ond longitudinal outlet passageway.
7. The clarifier of claim 6 where said housing shell
and said concentric shells are cylindrical.
8. The clarifier of claim I wherein: o
said rotor housing comprises a generally cylindrical
housing shell and two circular discs mounted on
said shaft and connected at their periphery to the
ends of said shell; a
said set of partition wall means comprises a set of
equally spaced concentric generally cylindrical
shells spaced from said shaft and said housing shell
in said working space;
said distributor means within said one end part of
said housing comprises a circular inlet disc
mounted on said rotor shaft, extending from said
shaft to said housing shell, and spaced from said
one end part of said housing to provide a cylindri-
cal inlet chamber, said inlet disc having said con-
centric sets of openings at different bands of radial
distances from said axis; and
said first collector means within said other end part
of said housing comprises a circular outlet disc
mounted on said rotor shaft, extending from said
shaft to said housing shell, and spaced from said
other end part of said housing to provide a cylindri-
cal outlet chamber, said outlet disc having said
concentric sets of openings at different bands of ra-
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9. The clarifier of claim 8 wherein each set of said
concentric sets of openings in said circular inlet disc is
in alignment with an intermediate annular portion of
that parallel chamber provided by said concentric
shells in said working space. .

10. The clarifier of claim 9 wherein:

said housing shell and said concentric shells are cylin-

drical;

each of said concentric shells has holes about its pe-

riphery at a transverse plane spaced from said inlet

disc and said outlet disc; S

said second collector means comprises:

downcomers mounted on said concentric shells at
said holes and extending radially inward with the
inner end of each downcomer being spaced from
the ‘inner periphery of the parallel chamber in
which it extends, said downcomers providing sets
of radially aligned downcomers at different radii;

said radial passageway communicating with said sec-

ond outlet passageway being at the transverse

plane containing said sets of downcomers; and

said holes in said outlet disc communicating with the
outer peripheral portion of the associated parallel
chamber. ‘

11. The clarifier of claim 10 wherein said cylindrical
inlet chamber and said cylindrical outlet chamber con-
tain radial baffles mounted to rotate with said shaft.

12. The clarifier of claim 9 wherein:

said housing shell and said concentric shells are cylin-

drical; and _ :

said second collector means is located at a transverse

plane between said inlet disc and said outlet disc

and comprises: »

radial outlet pipes extending radially inward from
said housing shell through said concentric shells
at different radit and having said holes at each of
said bands of radial distances that are in align-
ment with the outer peripheral portion of the as-
sociated parallel chamber;

baffles extending between adjacent outlet pipes of
said collector means at the radial distance of said
holes and constructed to divert to said holes lig-
uid at that radial distance that would otherwise
flow between those pipes toward said first collec-
tor means;

inner radial pipes concentric with said radial outlet
pipes of said second collector means and having
their outer ends spaced from said housing shell to
permit liquid flowing radially outward in said ra-
dial outlet pipes to flow radially inward in said
inner radial pipes; and

means communicating said inner pipes with said
radial passageway communicating with said sec-
ond longitudinal outlet passageway.

13. The clarifier of claim 12 wherein;

said means communicating said inner pipes of said

second collector means with said radial passageway

comprises:

a manifold hollow ring that is mounted on said
shaft and having at its inner periphery an opening
to communicate with said radial passageway, that
has sidewalls that for their inner portion are
straight and parallel and for their outer portion
are converging outwardly to an outer periphery
of lesser width than that of the inner periphery,
and that at its outer peripheral wall has openings
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communicating with said inner ends of said radial
outlet pipes of said second collector means; and

a radial pipe communicating with said radial pas-
sageway, that communicates with said ‘second
- collector means, and extending outwardly within
said manifold ring at a radius other than the radii
of said inner radial pipes within said radial outlet
pipes, whereby liquid slurry passing through said
inner radial pipes can be further centrifugally
separated in said hollow ring to a shurry, with a
higher solids content than that of said slurry re-
ceived by said ring, and to additional clarified
water; and
said shaft further includes:
a third longitudinal passageway extending inwardly
to a transverse plane containing said ring; and
a radial passageway communicating said third lon-
gitudinal passageway with said hollow ring to re-
ceive said additional clarified water.
14. The clarifier of claim 12 wherein:
each of said concentric shells has holes about its pe-
riphery at a transverse plane between and spaced
from said inlet disc and said transverse plane con-
taining said radial outlet pipes of said second col-
lector means; and
said cylindrical inlet chamber and said cylindrical
outlet chamber contain radial baffles mounted to
rotate with said shaft,
said clarifier further including:
third collector means which comprises: downcom-
ers mounted on said concentric shells at said
holes of said shells and extending radially inward
with the inner end of each downcomer being
spaced from the inner periphery of the parallel
chamber in which it extends, said downcomers
providing sets of radially aligned downcomers at
different radii; and
a third longitudinal passageway extending inwardly
to said transverse plane containing said downcom-
ers; and
a radial passageway communicating said third longi-
tudinal passageway with the innermost of said par-
allel chambers .at said transverse plane contammg
said downcomers. .
. 15, The clarifier of claim 9 wherein:
said housing shell and said concentric shells are
slightly frustoconical, based on a cone with a small
included angle;
said inlet disc and adjacent housing disc have smaller
diameters than those of said outlet disc and adja-
cent housing disc; and
said second collector means is located at a transverse
plane spaced from and between said inlet disc and
said outlet dis¢ and comprises:
radial outlet pipes extending radially inward from
said housing shell through said concentric shells
at different radii and having said holes at each of

said bands of radial distances that are in alignment
with the outer peripheral portion of the asso-
ciated parallel chamber;

baffles extending between adjacent outlet pipes of
said collector means at the radial distance of said
holes and constructed to divert to said holes lig-
uid at that radial distance that would otherwise
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flow between those pipes toward sald ﬁrst collec-
tor means;

inner radial pipes concentric with said radial outlet
pipes of said second collector means and having
their outer ends spaced from said housmg shell to
permit liquid flowing radially outward in said ra-
dial outlet pipes to flow radially inward in said
inner radial pipes; and :

means communicating said inner pipes with said
radial passageway communicating with said sec-
ond longitudinal outlet passageway.

16. The clarifier of claim 1 wherein:

said rotor housing comprises a cylmdrlcal housing
shell having one end portion that is offset radially
outward and two circular discs mounted on said
shaft and connected at their periphery to the ends
of said shell:

said set of partition wall means comprises a set of
equally spaced concentric generally cylindrical
shells spaced from said shaft and said housing shell
in said working space;

said distributor means within said one end part of
said housing. comprises a circular inlet disc
mounted on said rotor shaft, extending from said
shaft to said housing shell, and spaced from said
one end part of said housing to provide a cylindri-
cal inlet chamber, said inlet disc having said con-
centric sets of openings at different bands of radial
distances from said axis;

said first collector means within said other end part
of said housing comprises:

a circular outlet disc mounted on said rotor shaft,
extending from said shaft to said housing shell at
the juncture of the main cylindrical portion of
the rotor housing shell and the offset portion of
that housing shell, and spaced from said other
end part of said housing to provide, with said
housing disc at that other end and with the offset
end portion of said housing shell, a cylindrical
outlet chamber having a larger diameter than
that of the main portion of said housing shell,
said outlet disc-having said concentric sets of
openings at different bands of radial distances
from said axis with each set being in alignment
with the outer peripheral portion of the asso-
ciated parallel chamber provided by said concen-
tric shells;

radial pipes extending into the outer peripheral
portion of said cylindrical outlet chamber pro-
vided by said offset portion of said housing shell
and spaced from said offset portion of said hous-
ing shell to permit liquid flowing radially outward
in said cylmdncal outlet chamber to flow radially
inward in said radial pipes toward said shaft; and

means communicating said radial pipes with said
radial passageway communicating with said first
longitudinal outlet passageway;

- each of said concentric shells has holes about its pe-

riphery at a transverse plane between and spaced
from said inlet disc and said outlet disc;
said cylindrical inlet chamber contains radial baffles
mounted to rotate with said shaft;
said second collector means comprises:
downcomers mounted on said concentric shells at
said holes and extending radially inward with the
inner end of each downcomer being spaced from
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the inner periphery of the parailel chamber in
which it extends, said downcomers providing sets
of radially aligned downcomers at different radii;

said radial passageway, that communicates with said
second outlet passageway, is at the transverse plane
containing said sets of downcomers,

said concentric shells extending from said inlet disc to

said outlet disc. .
17. The clarifier of claim 16 and further including in
the outer peripheral portion of said cylindrical outlet
chamber a number of plates arranged in a polygonal
manner with each juncture of the adjacent ends of said
plates that form two sides of the polygon being at the
radius of one of said radial pipes within said cylindrical
outlet chamber to divert liquid flowing radially outward
in said outlet chamber toward said radial pipes.
18. The clarifier of claim-1 wherein:
said rotor housing comprises a generally cylindrical
housing shell and two circular discs mounted on
said shaft and connected at their periphery to the
ends of said shell; :

said set of partition wall means comprises a number
of elongated plates that are disposed about said
working space within said housing so that they are
angularly disposed with respect to the radii of said
shaft,

said distributor means within said one end part of

said housing comprises a circular inlet disc
mounted on said rotor shaft, extending from said
shaft to said housing shell, and spaced from said
one end part of said housing to provide a cylindri-
cal inlet chamber, said inlet disc having said con-
centric sets of openings at different bands of radial
distances from said axis; and

said first collector means within said other end part

of said housing comprises a circular outlet disc
mounted on said rotor shaft, extending from said
shaft to said housing shell, and spaced from said
other end part of said housing to provide a cylindri-
cal outlet chamber, said outlet disc having said
_concentric sets of openings at different bands of ra-
dial distances from said axis, ) )
said elongated plates extending from said inlet disc to
said outlet disc to provide said elongated parallel cham-
bers and the inner ends of said elongated plates being
spaced from said shaft to provide said second collector
means at said space around and adjacent said shaft.
19. The clarifier of claim 1 wherein:
said rotor housing comprises a generally cylindrical
housing shell and two circular discs mounted on
said shaft and connected at their periphery to the
end of said shell;

said set of partition wall means comprises a set of

elongated partition walls that are transversely
curved and stepped with a space between each step
of said partition wall and the next adjacent parti-
tion wall for radially inward flow of lighter liquid
separating from feed liquid in which it is a contami-
nant, said set of curved and stepped partition walls
providing a number of parallel chambers that are
transversely curved and stepped;

said distributor means within said one end part of

said housing comprises a circular inlet disc
mounted on said rotor shaft, extending from said
shaft to said housing shell, and spaced from said
one end part of said housing to provide a cylindri-
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cal inlet chamber, said inlet disc having said con-
centric sets of openings at different bands of radial
distances from said axis; and
said first collector means within said other end part
of said housing comprises a circular outlet disc
mounted on said rotor shaft, extending from said
shaft to said housing shell, and spaced from said
other end part of said housing to provide a cylindri-
cal outlet chamber, said outlet disc having said
concentric sets of openings at different bands of ra-
dial distances from said axis, »
said curved and stepped partition walls extending from
said inlet disc to said outlet disc.
20. The clarifier of claim 1 wherein:
said rotor housing comprises a generally cylindrical
housing shell and two circular discs mounted on
said shaft and connected at their periphery to the
ends of said shell;
said set of partition wall means are located at an
outer annular portion of said working space within
said housing and comprises a set of -equally spaced
concentric generally cylindrical shells spaced from
said shaft by an inner annular portion of said work-
ing space and spaced from said housing shell in said
working space;
said distributor means within said one end part of
said housing comprises a circular inlet disc at said
outer annular portion of said working space, ex-
tending from said housing shell, and spaced from
said one end part of said housing to provide a cylin-
drical inlet chamber at that end of said outer annu-
lar portion to receive heavier liquid from said inner
annular portion of said working space, said inlet
disc having concentric sets of openings at different
bands of radial discs from said axis; _
said first collector means within said other end part
of said housing comprises a circular outlet disc
mounted on said rotor shaft, extending from said
shaft through said inner and outer annular portions
of said working space to said housing shell, and
spaced from said other end part of said housing to
provide a cylindrical outlet chamber, said outlet
disc having concentric sets of openings at different
bands of radial distances from said axis with each
set being in alignment with the outer peripheral
portion of the associated parallel chamber pro-
vided by said concentric shells in said outer annular
portion of said working space; ,
each of said concentric shells extends from said inlet
disc to said outlet disc and has holes about its pe-
riphery at a transverse plane spaced from and be-
tween said inlet disc and said outlet disc;
said second collector means comprises:
downcomers mounted on said concentric shells at
said holes and extending radially inward with the
inner end of each downcomer, except those
downcomers for the innermost concentric shell,
being spaced from the inner periphery of the par-
allel chamber in which it extends;
said inlet passageway extending inwardly beyond said
one end part of said intermediate portion of the
shafft;
said radial passageway communicating with said inlet
passageway being located to communicate with it
at that end of said inlet passageway;
said radial passageway communicating with said sec-
ond outlet passageway being located at a transverse
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plane intermediate the transverse plane containing
said downcomers and the transverse plane contain-
ing said inlet chamber; and

said first outlet pipe is connected to receive liquid
from said radial passageway communicating with
said second outlet passageway,

said clarifier further including:
means to introduce liquid to be treated into said

inlet passageway;

means to mix another liquid with said feed liquid in
said feed introduction means;

a set of equally spaced concentric perforated hollow
cylinders in said inner annular portion of said
working space, said perforated cylinders extending
from said housing disc adjacent said inlet disc to
said outlet disc, and the outermost of said perfo-
rated cylinders being spaced from said innermost
shell of said set of concentric shells that are in the
outer annular portion of said working space; and

radial pipes of equal length and at different radii
communicating with said radial passageway com-
municating with said inlet passageway and extend-
ing through some of said perforated cylinders to
discharge feed liquid at the same radial distance in
said inner annular chamber,

said downcomers extending from said innermost con-
centric shell passing through at least the outermost one
of said concentric perforated hollow cylinders in said
inner annular portion of said working space.

21. The clairifer of claim 1 wherein:

said set of partition wall means comprises a set of
equally spaced concentric cylindrical shells spaced
from said shaft and said housing shell, said shells
being partly at an inner annular portion and partly
at an outer annular portion of said working space
and one of the intermediate shells defining a com-
mon wall between said inner annular portion and
said outer annular portion of said working space;

said distributor means within one said end part of
said housing comprises a circular inlet disc
mounted on said rotor shaft, extending from said
shaft to said housing shell and spaced from one said
end part of said housing, to provide a cylindrical
inlet chamber for the parallel chambers defined by
said cylindrical shells for the inner annular portion
of said working space and to provide a cylindrical
outlet chamber for said parallel chambers defined
by said cylindrical shells for the outer annular por-
tion of said working space, said inlet disc having
said concentric sets of openings at different bands
of radial distance from said axis in alignment with
said parallel chambers in said inner annular portion
of said working space and having concentric sets of
openings at different bands of longer radial dis-
tances from said axis in alignment with the interme-
diate portion of said parallel chambers in said outer
annular portion of said working space;

sand first collector means within said other end part
of said housing comprises a circular outlet disc
mounted on said rotor shaft, extending from said
shaft to said housing shell, and spaced from said
other end part of said housing to provide a cylindri-
cal outlet chamber, said outlet disc having said
concentric sets of openings at different bands of ra-
dial distances from said axis with each set being in
alignment with the inner peripheral portion of the
associated parallel chamber provided by said con-

0

20

25

30 .

35

40

50

55

34

centric shells in the inner annular portion of said
_ working space and having concentric sets of open-
ings at different bands of longer radial distances
from said axis with each set being in alignment with
an associated parallel chamber in the outer annular
portion provided by said concentric shells;
said second collector means is located at a transverse
plane spaced from and between said inlet disc and
said outlet disc and comprises:
radial outlet pipes extending radially inward from
said housing shell through said concentric shells
in said inner annular portion of said working
space at different radii to said shell providing said
common wall and having said holes at each of
said bands. of radial distances that are in align-
ment with the outer peripheral portion of the as-
sociated parallel chamber;
baffles extending between adjacent outlet pipes of
said collector means at the radial distance of said
holes and constructed to divert to said holes lig-
uid at that radial distance that would otherwise
flow between those pipes toward said first collec-
tor means; .
inner radial pipes concentric with said radial outlet
pipes of said second collector means and having
their outer ends spaced from said housing shell to
permit liquid flowing radially outward in said radial
outlet pipes to flow radially inward in said inner ra-
dial pipes; and
means communicating said inner pipes with said ra-
dial passageway communicating with said second
longitudinal outlet passageway,
said shaft has third and fourth longitudinal outlet pas-
sageways and third and fourth radial passageways
communicating with said inner end of said third
and fourth outlet passageways,

said set of concentric shells extending from said inlet
disc to said outlet disc, and said rotor of said clarifier
further including:

radial baffles in said cylindrical inlet chamber and
mounted to rotate with said shaft, said radial baf-
fles extending outwardly to a radial distance less
than the radial distance of said shell providing said
common wall;
radial baffles in said chamber between said inlet disc
and said one end part of said housing and spaced
from said housing shell, said baffles being in align-
ment with the outer annular portion of said work-
ing space;
third collector means located primarily within said
outer annular portion of said working space and
comprising:
second radial outlet pipes extending radially in-
ward from said housing shell through said con-
centric shells in said outer annular portion of said
working space at different radii and having holes
at each of said bands of radial distances that are
in alignment with the outer peripheral portion of
the associated parallel chamber in said outer an-
nular portion of said working space;
baffles extending between adjacent second outlet
pipes of said third collector means at the radial dis-
tance of said holes and constructed to divert to said
holes liquid at that radial distance that would oth-
erwise flow between those pipes toward said outer
annular portion of said inlet disc;
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second inner radial pipes concentric with said radial
outlet pipes of said third collector means and hav-
ing their outer ends spaced from said housing shell
to permit liquid flowing radially outward in said

_ drical shells spaced from said shaft and said hous-
ing shell in said working space defining a plural-
ity of chambers;

36

distributor means extending radially outward from
said shaft within one end part of said housing and
having concentric sets of openings at different
bands of radial distances from said axis to furnish

second radial outlet pipes to flow radially inward in 5 feed liquid separately to said chambers;
said second inner radial pipes; and first collector means extending radially outward
means communicating said inner pipes with said third from said shaft within the other end part of said
radial passageway communicating with said third housing and having concentric sets of openings at
longitudinal outlet passageway; different bands of radial distances from said axis
fourth collector means comprising; _ 10 to receive one of the separated liquid phases
holes in each of said shells in the outer annular por- from said chambers; and
tion of said working space and said shell provid- second collef:tor means Iocatefi between said end
ing the common wall, between that annular por- parts of said housing to receive the other of the
tion and said inner annular portion, said-holes _ separated hqulc! phases from said chambers,
being about the periphery of each shell at a trans- !5  said rotor shaft having: L
verse plane spaced from and between said radial a longl.tudmal inlet passageway extendlpg inwardly
outlet pipes in said outer annular portion of said to said one end part of said intermediate portion
working space and said outlet disc; of the shaft; o L
downcomers mounted on said concentric shells in a radial passageway communicating said inner end
said outer annular portion at said holes and ex- ¥ of 'said inlet passageway with said distributor
tending radially inward with the inner end -of means, :
each downcomer being spaced from the inner pe- a first longitudinal outlet passageway for one of the
riphery of the next parallel chamber in said outer . separated liquid phases .ex_tendlng !nwardly o
annular portion, while said downcomers s said other e‘nd part of said intermediate portion
mounted on said shell providing said common of t.he shaft; L -
wall extends through said shells in said inner an- a radxa} passageway communicating said inner end
nular.chamber to the innermost parallel chamber of said first outlet passageway with said first col-
of said inner annular portion of said working lector means,
space; and . _ _ a second longitudinal out!et Ppassageway for the
ot L . 30 other of the separated liquid phases extending -
means communicating said downcomers, exterd- inwardly to said intermediate portion of the
ing from saiq shel! providing said common wall, shaft: and
communicating with said fourth radxa} passage- a radial passageway communicating said inner end
way at the transverse plane containing said of said second outlet passageway with said sec-
downcomers; L L35 ond collector means; _

a short cylindrical shell between said one end of said a first outlet pipe connected to said rotor to receive
housing and said inlet disc to separate the chamber from one of said first and second outlet passage-
therebetween into an inner annular chamber and ways the separated liquid phase having a major
an outer annular chamber having radial dimensions propértion of contaminant from the feed liquid;
corresponding generally to those of said inner and 40 a second outlet pipe connected to said rotor to ’re-
outer annular portions of said working space; and ceive from the other outlet passageway the other
' oo . , separated liquid phase as a clarified liquid; and

means for communicating said outer annular cham- valved means mounted on first outlet pipe to control
ber between one end of said housing and said nner the rate of removal of the separated liquid phase by
disc with said radial passageway communicating 45 said first outlet pipe.
with said first longitudinal passageway and thereby 23. The clarifier of claim 22 wherein:
communicating said outlet chamber with that lon- said distributor means within said one end part of
gitudinal passageway through said parallel cham- said housing comprises a circular inlet disc
bers in said outer annular portion of said working mounted on said rotor shaft, extending.from said
space. . ] S . 30 shaft to said housing shell, and spaced from said

22. A centrifugal clarifier for removal of contami- one end part of said housing to provide a cylindri-

nants from a liquid by separating the liquid into two lig- cal inlet chamber, said inlet disc having said con-
uid phases, which includes: ' -+ centric sets of openings at different bands of radial

a rotor comprising: : 55 distances from said axis;

a rotor shaft; said first collector means within said other end part
a rotor housing to enclose an elongated intermedi- of said housing comprises a circular outlet disc
ate portion of said shaft so as to provide around mounted on said rotor shaft, extending from said
said intermediate portion of said shaft an elon- shaft to said housing shell, and spaced from said
gated working space of annular cross section, 60 other end part of said housing to provide a cylindri-
said rotor housing comprising a generally cylin- cal outlet chamber, said outlet disc having said
drical housing shell and two circular discs' concentric sets of openings at different bands of ra-
mounted on said shaft and connected at their pe- dial distances from said axis with each set being in
riphery to the ends of said shell; alignment with one of the outer and inner periph-
a set of equally spaced concentric generally cylin- 65 eral portions of the associated parallel chamber

provided by said concentric shells;
each set of said concentric sets of openings in said -
circular inlet disc is in alignment with an intermedi-
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ate annular portion of that parallel chamber pro-
vided by said concentric shells in said working
space;
said housing shell and said concentric shells are cylin-
drical;
each of said concentric shells has holes about its pe-
riphery at a transverse plane spaced from said inlet
disc and said outlet disc;
said second collector means comprises:
downcomers mounted on said concentric shells at
said holes and extending radially inward with the
inner end of each downcomer being spaced from
the inner periphery of the parallel chamber in

which it extends, said downcomers providing sets’

of radially aligned downcomers at different radii;

said radial passageway communicating with said sec-
ond outlet passageway being at the transverse
plane containing said sets of downcomers; and
said holes in said outlet disc communicating with the
outer peripheral portion of the associated parallel
chamber.
24. The clarifier of claim 22 wherein:
said distributor means within said one end part of
said housing comprises a circular inlet disc
mounted on said rotor shaft, extending from said
shaft to said housing shell, and spaced from said
one end part of said housing to provide a cylindri-
cal inlet chamber, said inlet disc having said con-
centric sets of openings at different bands of radial
distances from said axis;
said first collector means within said other end part
of said housing comprises a circular outlet disc
mounted on said rotor shaft, extending from said
shaft to said housing shell, and spaced from said
other end part of said housing to provide a cylindri-
cal outlet chamber, said outlet disc having said
concentric sets of openings at different bands of ra-
dial distances from said axis with each set being in
alignment with one of the outer and inner periph-
eral portions of the associated parallel chamber
provided by said concentric shells;
said housing shell and said concentric shells are cylin-
drical; and :
said second collector means is located at a transverse
~ plane between said inlet disc and said outlet disc
and comprises:
radial outlet pipes extending radially inward from
said housing shell through said concentric shells
at different radii and having said holes at each of
said bands of radial distances that are in align-
mént with the outer peripheral portion of the as-
sociated parallel chamber;
baffles extending between adjacent outlet pipes of
‘said collector means at the radial distance of said
holes and constructed to-divert to said holes lig-
uid at that radial distance that would otherwise
flow. between those pipes toward said first collec-
tor means;
inner radial pipes concentric with said radial outlet
pipes of said second collector means and having
their outer ends spaced from said housing shell to
permit liquid flowing radially outward in said ra-
dial outlet pipes to flow radially inward in said
inner radial pipes; and ‘
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_means communicating said inner pipes with said
radial passageway communicating with said sec-
ond longitudinal outlet passageway.

25. The clarifier of claim 22 wherein:

said distributor means within said one end part of
said housing comprises a circular inlet disc
mounted on said rotor shaft, extending from said
shaft to said housing shell, and spaced from said
one end part of said housing to provide.a cylindri-
cal inlet chamber, said inlet disc having said con-
centric sets of openings at different bands of radial
distances from said axis;

said first collector means within said other end part
of said housing comprises: )

a circular outlet disc mounted on said rotor shaft,
extending from said shaft to said housing shell,
and spaced from said other end part of said hous-
ing to provide, with said housing disc at that
other end, a cylindrical outlet chamber, said out-
let disc having said concentric sets of openings at
different bands of radial distances from said axis
with each set being in alignment with the outer
peripheral portion of the associated parallel
chamber provided by said concentric shells;

radial pipes extending into the outer peripheral
portion of said cylindrical outlet chamber pro-
vided by said offset portion of said housing shell
and spaced from said offset portion of said hous-
ing shell to permit liquid flowing radially outward
in said cylindrical outlet chamber to flow radially.
inward in said radial pipes toward said shaft; and

means communicating said radial pipes with said
radial passageway communicating with said first
longitudinal outlet passageway;
each of said concentric shells has holes about its pe-
riphery at a transverse plane between and spaced
from said inlet disc and said outlet disc;
said cylindrical inlet chamber contains radial baffles
mounted to rotate with said shaft;
said second collector means comprises: downcomers
mounted on said concentric shells at said holes and
extending radially inward with the inner end of
each downcomer being spaced from the inner pe-
riphery of the parallel chamber in which it extends,
said down comers providing sets of radially aligned
downcomers at different radii;
said radial passageway, that communicates with said
second outlet passageway, is at the transverse plane
containing said sets of downcomers,

said concentric shells extendmg from said inlet disc to
said outlet disc.

26. A centrifugal clarifier for removal of contami-

nants from a liquid by separating the liquid into two lig-
uid phases, which includes:

a rotor comprising;

a rotor shaft;

a rotor housing to enclose an elongated intermedi-
ate portion of said shaft so as to provide around
said intermediate portion of said shaft an elon-
gated working space of annular cross section,
said rotor housing comprising a generally cylin-
drical housing shell and two circular . discs
mounted on said shaft and connected at their pe-
riphery to the ends of said shell;

a set of partition walls comprises a set of elongated
partition walls that are transversely curved and
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stepped with a space between each step of said par-
tition wall and the next adjacent partition wall for
radially inward flow of lighter liquid separating
from feed liquid in which it is a contaminant, said
set of curved and stepped partition walls providing
a number of generally parallel chambers that are
transversely curved and stepped;

distributor means within said one end part of said
housing comprises a circular inlet disc mounted on
said rotor shaft, extending from said shaft to said
housing shell, and spaced from said one end part of
said housing to provide a cylindrical inlet chamber,
said inlet disc having concentric sets of openings at
different bands of radial distances from said axis
providing inlets to said chambers;

first collector means within said other end part of

said housing comprises a circular outlet disc
mounted on said rotor shaft, extending from said
shaft to said housing shell, and spaced from said
other end part of said housing to provide a cylindri-
cal outlet chamber said outlet disc having said con-
centric sets of openings at different bands of radial
distances from said axis,
said curved and stepped partition walls extending
from said
inlet disc to said outlet disc;
second collector means located between said end
parts of said housing to receive the other of the
separated liquid phases from said chambers,
said rotor shaft having:
a longitudinal inlet passageway extending in-
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wardly to said one end part of said intermedi-
ate portion of the shaft; '

a radial passageway communicating said inner
end of said inlet passageway with said distribu-
tor means;

a first longitudinal outlet passageway for one of
the separated liquid phases extending inwardly
to said other end part of said intermediate por-

* tion of the shaft;

a radial passageway communicating said inner
end of said first outlet passageway with said
first collector means;

a second longitudinal outlet passageway for the
other of the separated liquid phases extending
inwardly to said intermediate portion of the
shaft; and ‘

a radial passageway communicating said inner
end of said second outlet passageway with said
second collector means;

afirst outlet pipe connected to said rotor to receive
from one of said first and second outlet passage-
ways the separated liquid phase having a major
proportion of contaminant from the feed liquid,;

a second outlet pipe connected to said rotor to re-
ceive from the other outlet passageway the other
separated liquid phase as a clarified liquid; and

valved means mounted on first outlet pipe to con-
trol the rate of removal of the separated liquid
phase by said first outlet pipe.
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