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(54) Cantilever centrifuge with outwardly tapered second conical bowl section

(57) A cantilever conical screen bowl centrifuge
comprises a machine support (104), a scroll-or worm-
type conveyor (100) rotatably cantilevered from the ma-
chine support (104), the conveyor having a hub (108),
and a bowl (102) rotatably cantilevered from the ma-
chine support. The bowl includes a solid first conical

bowl section (110) rotatably cantilevered from the ma-
chine support and extending about the hub, and a sec-
ond conical bowl section (114) connected in cantilever
fashion from a free or downstream end of the first conical
bowl section opposite the machine support, the second
conical bowl section (114) extending away from the ma-
chine support (104).



EP 1 350 570 A2

2

5

10

15

20

25

30

35

40

45

50

55

Description

Background of the Invention

[0001] This invention relates to a cantilever type cen-
trifuge and more specifically to a cantilever screen-scroll
type centrifuge.
[0002] Conical screen-scroll centrifuges have been
used to dewater thickened slurries from 40-60% feed
solids to 80-90+% solids (or 20-10% cake moisture). As
illustrated in Fig. 1A, such centrifuges comprise a scroll
conveyor 10 surrounded by a screen basket 12 and dis-
posed therewith in a housing 14. Scroll conveyor 10 and
screen basket 12 are cantilevered from a support 16 at
one end. At that same end, conveyor 10 and screen bas-
ket 12 are operatively connected to a single input, dual
output planetary gear box or a cyclo gear box 18 which
is driven by a motor 20. A feed pipe 22 extends into an
open, free end of scroll conveyor 10 for delivering a
thickened feed slurry thereto. The feed slurry exits an
opening (not shown) in a hub 24 of conveyor 10 and is
deposited onto screen basket 12. Solids 26 in the slurry
are conveyed along an inner surface of screen basket
12 to a conical discharge 28 by a helical blade 30 of
conveyor 12, while filtrate is discharged at 32 through
screen basket 12.
[0003] A simple cross-sectional schematic of the
screen-scroll centrifuge of Fig. 1A is shown in Fig. 1B.
Feed slurry introduced via feed pipe 22 into a feed cone
34 of conveyor 10 is accelerated in the feed cone (ar-
rows 36) so that when the slurry is laid onto a small di-
ameter end 38 of screen basket 12, the slurry has ac-
quired the proper G-force to effect filtration of the bulk
liquid followed by dewatering (arrows 32) so that the re-
maining liquid trapped in the cake pores can be further
released with time. The dewatering process is facilitated
by continuously thinner cake and an increasing higher
centrifugal force as the cake moves toward discharge
at a larger screen diameter 42. Washing can be applied
to remove the impurities in food, chemical, and mineral
applications, wash liquid being introduced at small di-
ameter 38 of conical screen basket 12 shortly after the
feed zone. The washed cake is ultimately dewatered at
the larger screen diameter 42. The screen drain filtrate
(arrows 32) and the cake (arrow 44) are collected re-
spectively in separate hoppers (not shown) for down-
stream processing.
[0004] One key benefit of the cantilever screen scroll
design as illustrated in Figs. 1A and 1B, is that both scroll
conveyor 10 and screen basket 12 are opened at the
front end of the machine. This allows the operator easy
access to the rotating assembly for regular maintenance
such as replacement of worn components (e.g. screen,
worn and broken tiles, scroll, nuts and bolts), and re-
moval of foreign objects trapped in the process streams,
as well as regular visual inspection of the process during
operation to assure satisfactory operation. Because the
screen scroll centrifuge is a cantilever design, another

advantage is that only a set of supporting bearings lo-
cated at one end of the machine is required instead of
two bearings associated with a horizontal end-to-end
support. This minimizes significantly the overall cost of
the machine. However, there is a disadvantage in that
the overhung moment from the pivot or support may limit
the cantilever mass as well as the distance of cantilever
mass from the pivoted bearing or support. This may also
result in a rotational speed limitation owing to natural
frequency considerations. Another limitation of the
screen-scroll-type centrifuge is that the feed has to be
pre-thickened to 40-60% before introduction to the
screen to remove a majority of the bulk liquid. This thick-
ening can be achieved, for example, with hydrocy-
clones, thickening tanks or thickening screens upstream
of the dewatering screen scroll.
[0005] In a different approach, both thickening and
dewatering are combined in a single unit using a screen
bowl centrifuge as shown in Fig. 2. A solid-bowl config-
uration comprises a cylindrical bowl 46 followed by a
conical beach 48 used for separation and thickening of
the separated solids to form a cake. A cylindrical screen
50 downstream of the conical beach is used to further
dewater the cake to lower the moisture content thereof.
Consequently, dilute feed with solids content by weight
of 5-50% can be used. This is advantageous over the
screen scroll where only thickened feed of 40+% is per-
missible.
[0006] The prior art centrifuge of Fig. 2 also includes
a worm-type conveyor 52 for scrolling cakes solids
along inner surfaces of bowl 46, beach 48, and screen
50. Effluents are discharged from a clarifier pool 54 into
a centrate discharge chamber or hopper 56 of a centri-
fuge casing 58. Filtrate is discharged through screen 50
into a filtrate drainage chamber or hopper 60 of casing
58, while cake 62 is discharged into a solids discharge
chamber or hopper 64. A feed slurry is fed into a hub 66
of conveyor 52 via a feed pipe 68. Conveyor 52 and bowl
46 are rotatably supported at opposite ends on bearings
70 and 72 and are differentially rotated via a gear unit 74.
[0007] In another variation of the screen-bowl-type
centrifuge, shown is Fig. 3, a cylindrical screen section
76 is provided at a larger diameter than the diameters
of a cylindrical solid bowl section 78 and a bowl section
80. A first helical conveyor blade 82 conveys cake solids
along inner surfaces of bowl section 78 and bowl section
80, while a second helical conveyor blade 84 conveys
cake solids along an inner surface of screen section 76.
Conveyor blades 82 and 84 are rigid with a conveyor
hub 86 and accordingly rotate at the same angular ve-
locity which is slightly different from an angular velocity
of screen section 76, bowl section 78 and bowl section
80.
[0008] An advantage of the design of Fig. 3 is that
cake dewatering on screen section 76 is carried out at
a higher G-force. A disadvantage is that as the feed as
laid abruptly onto screen 76, the feed is underacceler-
ated, i.e., the tangential speed of the feed is much less
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than that of screen 76 at a solid-body rotation. This dif-
ference in tangential speed results in slippage of the
feed on the screen surface as the feed is being accel-
erated by the screen surface, thereby causing high wear
on screen 76 especially for abrasive feed materials. Fur-
thermore, it can be shown that the undesirable radial
velocity of the feed stream increases at the expense of
a lower tangential speed (conservation of angular mo-
mentum). This in turn results in an increased solids pen-
etration through screen 76, with a lower solids recovery
or capture. The feed particle size can be further reduced
through slippage of feed on the screen with the conse-
quence of particle attrition which results in more loss of
these fine solids through the screen. In all cases of this
variation of the screen-bowl-type centrifuge, the screen
bowl is horizontally arranged and supported by two
bearings 88 (only one shown) at the two ends. The cost
of this design is somewhat greater than the cantilever
screen scroll design (Figs. 1A and 1B) and the operator
cannot access the rotating assembly as readily as in a
cantilever screen scroll design.
[0009] An improvement in that direction is a cantilever
screen bowl design as shown in Fig. 4. The unit includes
a cylindrical bowl 90 and a conveyor 92 both rotatably
cantilevered from a support located at the large diame-
ter side of the machine. Because of this arrangement,
in order to reduce the overhung bending moment, the
length of the solid-bowl section 90 as well as the length
of a cylindrical screen section 94 must be trimmed. The
rotational speed of the machine may also limited owing
to natural frequency considerations. These factors
render the overhung shorter screen bowl design less ef-
fective with major disadvantageous results of lower
throughput, wetter cake and dirtier effluent as compared
to a regular screen bowl supported by two end-to-end
bearings with the same diameter.

Summary of the Invention

[0010] The present invention is directed to the prob-
lem of providing a new and improved cantilever type
centrifuge wherein throughput and cake moisture are
improved over a conventional cantilever centrifuge.
More specifically, the present invention is directed to
providing a cantilever screen bowl centrifuge with a rel-
atively high throughput and a relatively low cake mois-
ture content.
[0011] A centrifuge comprises, in accordance with the
present invention, a support, a conveyor cantilevered
from the support, and a solid bowl also cantilevered from
the support. The conveyor includes a conveyor hub can-
tilevered from the support, the solid bowl extending
about the hub. The solid bowl includes an integral first
conical bowl section which tapers radially inwardly to-
wards an axis of the conveyor and the bowl and which
has a small diameter end. The centrifuge further com-
prises a second conical bowl section cantilevered at
least indirectly from the support, the second conical

bowl section having an input end at the small diameter
end of the first conical bowl section. The second conical
bowl section has an increasing diameter away from its
input end. The first conical bowl section and the second
conical bowl section together define a heavy phase
transport path having a first portion of decreasing diam-
eter extending along the first conical bowl section to-
wards the small diameter end thereof and a subsequent
second portion of increasing diameter extending along
the second conical bowl section away from the input end
of the second conical bowl section
[0012] It is contemplated that the second conical bowl
section is a screen or conical basket section. In that
event, the centrifuge is a conical screen bowl centrifuge
with a conical solid beach section and a conical screen
or basket of increasing diameter.
[0013] In the design of the present invention, the con-
ical basket effects thin cake dewatering inasmuch as the
cake is spread out at a larger screen circumference to-
ward discharge. This benefit is enhanced by a higher G-
force for dewatering as the cake is conveyed to a larger
diameter. The conical screen with a larger surface area
compensates, in part, the short cylindrical screen as
shown in the cantilever design of Fig. 4.
[0014] The cantilever centrifuge of the invention is as-
sembled in three stages or steps. The first-half of a cy-
lindrical hub is mounted first, followed by the solid-bowl
section and the conical basket. Finally, the second-half
of the scroll is installed to fit the conical basket. In all
cases, the clearance between the blade tip and the con-
ical bowl wall can be reduced to the desirable tolerance
by axial alignment of the components.
[0015] In a preferred embodiment of the present in-
vention, the conical basket section is attached to the
conveyor, and more particularly to a free or downstream
end of the conveyor, for rotating at a common angular
velocity therewith. In addition, the conical basket section
extends in an axial direction away from its input end and
towards the machine support. Concomitantly, the coni-
cal basket section surrounds at least a portion of the
solid bowl and particularly the conical bowl section
thereof.
[0016] This preferred embodiment of the invention
combines the full benefit of the solid bowl and the conical
screen scroll. Because the conical screen turns back to-
ward the support end of the machine, the overhung mo-
ment is reduced. The screen bowl section can be made
longer than in cantilever centrifuges where the screen
extends away from the machine support.
[0017] In this embodiment of the invention, the outer
surface of the solid-bowl is provided with a set of con-
veyor blades turned in the same sense as the set of con-
veyor blades inside the solid bowl. The solid bowl and
the blades welded along its outer surface are rotated at
a speed different from the rotation speed of the conveyor
hub and the basket to thereby effect a continuous dis-
charge and control of retention time of the solids in the
solid bowl as well as in the basket.
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[0018] In accordance with another particular feature
of this embodiment of the present invention, a feed ac-
celerator is disposed at the downstream end of the first
conical bowl section for tangentially accelerating in the
direction of rotation (as opposed to radially accelerating)
a thickened feed of 40-60% solids moving from the
downstream end of the first conical bowl section to the
upstream end of the second conical bowl section.
Where a passageway is provided for guiding the thick-
ened feed from the first conical bowl section to the sec-
ond conical bowl section, the feed accelerator includes
a vane extending outwardly from the passageway to-
wards an inner surface of the second conical bowl sec-
tion. This vane may have an outer end which is curved
forward in the direction of rotation for providing an ad-
ditional tangential velocity component (overspeed) to
the thickened feed being delivered to the upstream end
of the second conical bowl section.
[0019] A feed accelerator may also be disposed in the
hub for tangentially accelerating a relatively dilute feed
of 5-30% solids prior to delivering the feed from the hub
to a slurry pool in the solid bowl, thereby providing the
dilute feed with a rotation speed at least approximately
equal to that of the solid bowl. This feed accelerator
eliminates slippage and turbulence of feed in the pool
resulting in instantaneous G-field for separation of sus-
pended solids in the pool. The other feed accelerator, at
the downstream end of the first conical bowl section,
eliminates slippage of thickened feed on the screen/
basket at a larger diameter, thereby reducing wear, par-
ticle attrition from slippage on the screen, and loss of
fine solids. The instantaneous G-field allows best use of
the screen area for bulk filtration. As a consequence,
higher throughput with better quality product (drier cake,
better solids recovery) is expected from both feed ac-
celerators.
[0020] In accordance with a further feature of the
present invention, the second conical bowl section is
provided at a free or downstream end with a cylindrical
screen section.
[0021] Pursuant to yet another feature of the present
invention, the conveyor has a hub and plurality of gen-
erally axial vanes extending from the hub along a sub-
stantial portion of the solid bowl (clarifier) section, while
the conveyor has a conveyor blade attached to radially
outer edges of the vanes so that the blade extends only
part of a distance from an inner surface of the solid bowl
to the hub. Thus, the conveyor blades are made of rib-
bon blade segments supported by the axial vanes. This
structure of the conveyor improves rigidity while reduc-
ing the overhung mass. The axial vanes when sub-
merged in the liquid pool facilitate axial flow of the efflu-
ent liquid, which reduces entrainment of the sediment
in the bowl, the sediment being conveyed along the hel-
ical channels formed by adjacent conveyor blades.
[0022] Alternatively, conventional solid blades can al-
so be used with the blades attached to the conveyor
hub.

[0023] In accordance with another embodiment of the
present invention, the conical basket section is attached
at an upstream end to the free or downstream end of
the first conical bowl section and extends in an axial di-
rection away from the first conical bowl section, the solid
bowl, and the support.
[0024] In a cantilever-type centrifuge, a solids sepa-
ration method in accordance with the present invention
comprises (1) feeding a slurry, i.e., a relatively dilute
feed composition, from a cantilevered conveyor hub out-
wardly to a clarifier pool in a cantilevered solid bowl of
a centrifuge, (2) scrolling cake solids from the clarifier
pool along a cantilevered inwardly tapered first conical
bowl section to a cantilevered outwardly tapered second
conical bowl section with a cake inlet end at a down-
stream end of the first conical bowl section, and (3)
scrolling cake solids from the inlet end along the second
conical bowl section so that the cake solids experience
an ever increasing centrifugal force during continued
travel along the second conical bowl section towards a
cake discharge port.
[0025] Where the second conical bowl section is a
basket including a filter screen, the method further com-
prises centrifugally draining filtrate from the cake solids
on the section conical bowl section through the filter
screen.
[0026] In a preferred method in accordance with the
present invention, the second conical bowl section is ro-
tated at a common angular velocity with the conveyor
hub and a conveyor blade attached thereto. To accom-
plish that method, the second conical bowl section is at-
tached at an upstream end to a free or cantilevered end
of the conveyor hub and surrounds at least a portion of
the first conical bowl section and the solid bowl. Pursu-
ant to this preferred method, the scrolling of cake solids
along the second conical bowl section including scroll-
ing cake solids towards a supported end of the solid
bowl and is implemented by turning an additional con-
veyor blade attached to an outer surface of the first bowl
section, the additional conveyor blade being turned at a
common angular velocity with the first conical bowl sec-
tion.
[0027] It is advantageous in the method to tangentially
accelerate a thickened feed at the inlet or upstream end
of the second conical bowl section prior to a feeding of
the thickened feed from the first conical bowl section to
the second conical bowl section. In addition, it is advan-
tageous to tangentially accelerate the slurry or dilute
feed prior to delivering the same to the slurry pool in the
clarifier section of the centrifuge.
[0028] A cantilever centrifuge with a screen bowl sec-
tion overlapping a solid beach section and a solid bowl
clarifier section in accordance with the present invention
provides a heavy-duty inexpensive design with key ben-
efits being its compact size and its easy accessibility.
For the same footprint, this overlapping-type design has
more screen area and a solid bowl clarifier section as
compared to existing designs.
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[0029] A cantilever centrifuge with a screen bowl sec-
tion overlapping a solid beach section and a solid bowl
clarifier section in accordance with the present invention
accepts dilute feed stream and obviates the prethicken-
ing equipment which is normally used for this applica-
tion. The unique design allows higher solids throughput,
drier cake, and superior recovery. It is a combination of
a solid-bowl and a screen-scroll/conical- horizontal
screen, all in one compact design.

Brief Description of the Drawings

[0030]

Fig. 1A is a partially broken away isometric view of
a circular style cantilever scroll centrifuge, in ac-
cordance with the prior art.
Fig. 1 B is a diagram of the cantilever scroll centri-
fuge of Fig. 1A, showing its operation.
Fig. 2 is a longitudinal cross-sectional view of a
screen bowl centrifuge, supported at opposite ends,
in accordance with the prior art.
Fig. 3 is a longitudinal cross-sectional view of an-
other screen bowl centrifuge, supported at opposite
ends, in accordance with the prior art.
Fig. 4 is a longitudinal cross-sectional view of a can-
tilever screen centrifuge, which is used in conjunc-
tion with ancillary pre-thickening apparatus, in ac-
cordance with the prior art.
Fig. 5 is a partial longitudinal cross-sectional view
of a cantilever conical screen bowl centrifuge in ac-
cordance with the present invention.
Fig. 6 is a partial longitudinal cross-sectional view
of another cantilever conical screen bowl centrifuge
in accordance with the present invention.
Fig. 7 is a partial longitudinal cross-sectional view
of a further cantilever conical screen bowl centri-
fuge in accordance with the present invention.
Fig. 8 is a schematic view of a feed accelerator pro-
vided in the centrifuge of Fig. 6.
Fig. 9 is a partial longitudinal cross-sectional view
of an additional cantilever conical screen bowl cen-
trifuge in accordance with the present invention.
Fig. 10 is a partial longitudinal cross-sectional view
of an alternative cantilever conical screen bowl cen-
trifuge in accordance with the present invention.
Fig. 11 is a partial longitudinal cross-sectional view
of yet another cantilever conical screen bowl cen-
trifuge in accordance with the present invention.
Fig. 12 is a partial longitudinal cross-sectional view
of yet another cantilever conical screen bowl cen-
trifuge in accordance with the present invention.
Fig. 13 is a schematic partial transverse cross-sec-
tional taken along line XIII-XIII in Fig. 12.

Description of the Preferred Embodiments

[0031] As illustrated in Fig. 5, a cantilever conical

screen bowl centrifuge comprises a scroll- or worm-type
conveyor 100 and a bowl 102 both rotatably cantilev-
ered from a machine support 104. Bowl 102 includes a
substantially cylindrical solid bowl section 106 which ex-
tends about a hub 108 of conveyor 100. Bowl 102 further
includes a solid first conical bowl section 110 connected
in cantilever fashion from a free or downstream end of
solid bowl section 106 disposed opposite the machine
support 104. Conical bowl section 110 functions as a
beach and tapers inwardly towards an axis 112 of con-
veyor 100 and bowl 102, in a downstream direction
away from solid bowl section 106 and machine support
104. A second conical bowl section 114 in the form of a
conical screen or basket is connected at an upstream
end to a free or downstream end of solid conical bowl
section 110 opposite the solid bowl section. Conical bas-
ket 114 tapers outwardly from rotation axis 112 in a di-
rection away from the free or downstream end of conical
bowl section 110.
[0032] Conveyor 100 includes multiple helical blades
116 which, in the region of solid bowl section 106, are
attached to radially outer edges of a plurality of axially
extending vanes 118 rigid with conveyor hub 108. Con-
veyor blades 116 extend only part of a distance an inner
surface of solid bowl section 106 to hub 108 and are
made of ribbon blade segments supported by vanes
118. This structure of conveyor 100 improves rigidity
while reducing the overhung mass. Vanes 118, when
submerged in a liquid clarifier pool 120, facilitate an axial
flow of the effluent liquid, which reduces entrainment of
the sediment in the bowl, the sediment being conveyed
along the helical channels formed by adjacent conveyor
blades.
[0033] A feed pipe 122 extends into hub 108 for de-
livering thereto a relatively dilute feed composition in-
cluding 5-50% solids. Conveyor 100 is provided with a
feed accelerator 124 mounted to hub 108 for providing
the incoming feed composition with a tangential velocity
substantially equal to the tangential velocity of the slurry
at the radially inner surface of clarifier pool 120. Accel-
erator 124 includes a distributor 126 which receives the
incoming feed composition and directs it to a plurality of
feed openings or passageways 128 in hub 108. Distrib-
utor 126 may be formed with a plurality of axially extend-
ing vanes (not shown) for imparting some measure of
tangential velocity to the feed composition prior to the
exit of the feed composition through feed openings 128.
Accelerator 124 further includes a plurality of anti-Cori-
olis baffles 130 extending inwardly into hub 108 at re-
spective feed openings 128. In addition, accelerator 124
may include a plurality of vanes (not shown) extending
outwardly from respective feed openings 128 and, op-
tionally, one or more smoothening elements (not shown)
located between feed openings 128 and clarifier pool
120 for spreading out the feed stream from each open-
ing 128. All of these features are described in detail in
U.S. Patents Nos. 5,551,943, 5,632,714, and
5,520,605, the disclosures of which are hereby incorpo-
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rated by reference.
[0034] During the operation of the cantilever conical
screen bowl centrifuge of Fig. 5, effluent leaves the clar-
ifier pool 120 at 132 and enters a casing compartment
or chamber 134, while cake solids are conveyed along
inner surfaces of solid bowl section 106, conical beach
section 110 and conical screen section or basket 114 by
blades 116 of conveyor 100, as indicated by arrows 136.
Along conical screen section or basket 114, filtrate exits
bowl 102 into a casing compartment or chamber 138,
as indicated by arrows 140. Finally, cake is discharged
at a free rim or lip 142 of conical screen section or basket
114 into a casing compartment or chamber 144, as in-
dicated by an arrow 146.
[0035] The cantilever conical screen bowl centrifuge
of Fig. 5 is assembled in three stages or steps. A first-
half 148 of hub 108 together with connected conveyor
blades (not separately designated) is mounted first, fol-
lowed by solid-bowl section 106 with conical beach sec-
tion 110, and subsequently by conical basket 114. Final-
ly, a second-half of the scroll or conveyor blades (not
separately designated) is installed to fit conical basket
114.
[0036] As illustrated in Fig. 6, another cantilever con-
ical screen bowl centrifuge comprises a scroll- or worm-
type conveyor 150 and a solid bowl 152 both rotatably
cantilevered from a machine support 154 which includes
a gear box, bearings, motor and sheave (none illustrat-
ed). Bowl 152 includes a substantially cylindrical solid
bowl section 156 which extends about a hub 158 of con-
veyor 150. The solid bowl section 156 can also be sub-
stantially conical with the large diameter facing the sup-
port (see Figs. 11 and 12). Bowl 152 further includes a
solid first conical bowl section 160 connected in canti-
lever fashion from a free or downstream end of solid
bowl section 156 disposed opposite the machine sup-
port 154. Conical bowl section 160 functions as a beach
and tapers inwardly towards an axis 162 of conveyor
150 and bowl 152, in a downstream direction away from
solid bowl section 156 and machine support 154. A sec-
ond conical bowl section 164 in the form of a conical
screen or basket is connected at an upstream end to a
free or cantilevered end of conveyor hub 158, opposite
machine support 154. Thus, basket 164 rotates at the
same angular velocity as hub 158, which is different
from the angular velocity of solid bowl section 156 and
conical beach section 160. Conical basket 164 tapers
outwardly from rotation axis 162 in a downstream direc-
tion, away from the free or cantilevered end of hub 158.
[0037] Conveyor 150 includes multiple helical blades
166 which, in the region of solid bowl section 156, are
attached to radially outer edges of a plurality of axially
extending vanes 168 rigid with conveyor hub 158. Con-
veyor blades 166 extend only part of a distance from an
inner surface of solid bowl section 156 to hub 158 and
are made of ribbon blade segments supported by vanes
168. The advantages and functions of vanes 168 are
discussed above with reference to vanes 118.

[0038] A feed pipe 172 extends into hub 158 for de-
livering thereto a relatively dilute feed composition in-
cluding 5-50% solids. Conveyor 150 is provided with a
feed accelerator 174 mounted to hub 158 for providing
the incoming feed composition with a tangential velocity
substantially equal to or greater than the tangential ve-
locity of the slurry at the radially inner surface of a clar-
ifier pool 170. Accelerator 174 includes a distributor 176
which receives the incoming feed composition and di-
rects it to a plurality of feed openings or passageways
178 in hub 158. Distributor 176 may be formed with a
plurality of axially extending vanes (not shown) for im-
parting some measure of tangential velocity to the feed
composition prior to the exit of the feed composition
through feed openings 178. Accelerator 174 further in-
cludes a plurality of anti-Coriolis baffles 180 extending
inwardly into hub 158 at respective feed openings 178.
In addition, accelerator 174 may include a plurality of
vanes (not shown) extending outwardly from respective
feed openings 178 and, optionally, one or more
smoothening elements located between feed openings
178 and clarifier pool 170 for spreading out the feed
stream from each opening 178. Again, all of these fea-
tures are described in detail in U.S. Patents Nos.
5,551,943, 5,632,714, and 5,520,605, the disclosures
of which are incorporated by reference into this disclo-
sure.
[0039] A plurality of conveyor blades or helical scroll-
ing elements 182 are attached to an outer surface of
conical bowl or beach section 160 and to an outer sur-
face of solid bowl section 156 for scrolling cake solids
along an inner surface of conical bowl section or basket
164 to an end-type cake discharge opening 184, as in-
dicated by arrows 186. Conveyor blades or scrolling el-
ements 182 are turned in the same sense as conveyor
blades 166 inside solid bowl 152. Solid bowl section 156
and conical bowl or beach section 160, as well as blades
or scrolling elements 182 welded along the outer sur-
faces thereof, are rotated at a speed different from ro-
tation speed of conveyor hub 158 and basket 164 to
thereby effect a continuous discharge and control of re-
tention time of the solids in solid bowl section 156 as
well as in basket 164.
[0040] Conical basket 164 effects thin cake dewater-
ing inasmuch as the cake is spread out at a larger screen
circumference toward cake discharge rim or lip 142 and
184. This benefit is enhanced by a higher G-force for
dewatering as the cake is conveyed to a larger diameter.
[0041] The cantilever centrifuge of Fig. 6 is assem-
bled in three stages or steps. First, hub 158 together
with conveyor blades 166 is mounted to machine sup-
port 154 and particularly to a first drive shaft 155 which
is connected to the spline shaft 155a of the gear box.
Then, solid-bowl section 156 and conical bowl or beach
section 160, together with conveyor blades or scrolling
elements 182, are mounted to machine support 154
(gear housing, bearings, casing, motor and sheave) and
particularly to a second drive shaft 157 thereof. Lastly,
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conical basket 164 is attached to the free or cantilevered
end of hub 158. It is to be noted that the clearances be-
tween the conveyor blades 166 and the inner surfaces
of solid bowl section 156 and conical beach section 160
and between conveyor blades or scrolling elements 182
and the inner surface of conical bowl section or basket
164 may be controlled by axial adjustment of the mount-
ing components.
[0042] It is to be noted that in the embodiments of
Figs. 6 and 7, conical bowl section or basket 164 sur-
rounds at least a portion of conical bowl or beach section
160 and solid bowl section 156. Because conical bowl
section or basket 164 turns back toward machine sup-
port 154, the overhung moment is reduced. Conical
bowl section or basket 164 can be made longer than in
cantilever centrifuges where the screen extends away
from the machine support.
[0043] An additional cylindrical screen section 188
may be connected to the downstream end of conical
bowl section or basket 164. In that case, a respective
plurality of conveyor blades or helical scrolling elements
189 are attached to an outer surface of solid bowl sec-
tion 156 for scrolling cake solids along an inner surface
of cylindrical screen section 188 to a cake discharge
opening (not designated), as indicated by a dashed ar-
row. Conveyor blades or scrolling elements 189 are also
turned in the same sense as conveyor blades 166 inside
solid bowl section 156. The addition of cylindrical screen
extension 188 serves to increase the retention time
needed for cake washing as well as dewatering.
[0044] The centrifuge of Fig. 6 has an additional feed
accelerator 190 which is disposed at the downstream
end of conical bowl section or beach 160 for tangentially
accelerating a thickened feed of 40-60% solids moving
from the downstream end of conical bowl section 160 to
the upstream (small diameter) end of basket 164. Thus,
feed accelerator 190 is provided at the downstream end
of beach 160 at a feed opening or passageway 192 pro-
vided for guiding the thickened feed from beach 160 to
basket 164. As illustrated in Fig. 8, feed accelerator 190
generally includes a vane 196 (Fig. 8) extending out-
wardly from passageway 192 towards an inner surface
of basket 164. Vane 196 is optionally provided with an
outer end 198 which is curved forward in the direction
of rotation for providing an additional tangential velocity
component (overspeed) to the thickened feed being de-
livered to the upstream end of basket 164. Feed accel-
erator 190 may also include a smoothening element 200
for spreading the thickened feed out along a greater ar-
ea of basket 164. Additionally, feed accelerator 190 may
include side walls (not shown) to contain the flow of
heavy phase as the heavy phase is accelerated radially
outwardly. The side walls together with the surface 196
forms a U-shaped channel. U.S. Patents Nos.
5,551,943, 5,632,714, and 5,520,605, incorporated by
reference herein, discuss the operation and structure of
the various components of feed accelerator 190. Adapt-
ing the accelerator components of those disclosures to

feed accelerator 190 is a routine matter for one skilled
in the art.
[0045] During the operation of the cantilever conical
screen bowl centrifuge of Fig. 6, effluent leaves the clar-
ifier pool 170 at 202 and enters a casing compartment
or chamber 204, while cake solids are conveyed along
inner surfaces of solid bowl section 156 and conical
beach section 160 by blades 166 of conveyor 150, as
indicated by arrows 206, and subsequently along an in-
ner surface of conical screen section or basket 164 by
blades or scrolling elements 182 as indicated by arrows
186. Along conical screen section or basket 164, filtrate
exits bowl 152 into a casing compartment or chamber
208, as indicated by arrows 210. Finally, cake is dis-
charged through opening 184 into a casing compart-
ment or chamber 211, as indicated by an arrow 212.
[0046] Fig. 7 depicts a cantilever conical screen bowl
centrifuge virtually identical to that of Fig. 6 except that
heavy phase passes from conical bowl section 160 to
the upstream end of conical screen bowl section 164 via
a side opening or passageway 220 rather than an end
opening or passageway 192. In addition, the centrifuge
of Fig. 7 includes a feed accelerator 216 consisting es-
sentially of a vane 218 extending circumferentially and
radially outwardly from a passageway or opening 220
in conical bowl section 160. The assembly of the centri-
fuge of Fig. 7 is virtually identical to the assembly of the
centrifuge of Fig. 6. Reference numerals used in Fig. 7
correspond to those used for the same elements in Fig.
6.
[0047] Multiple conveyor leads (for example, double,
triple or quadruple leads) or blades 116, 166, and 182
are used herein to reduce the cake height effecting de-
watering via drainage in basket sections 114 and 164.
This also reduces the entrainment of the sediment in
clarifier pools 120 and 170 for solid bowl sections 106
and 156. All wear prone areas of conveyors 100 and
150, bowls 106 and 156 and screen/baskets 114 and
164 are protected by wear resistant materials such as
tungsten carbide, silicone carbide, ceramic, hard-facing
or other wear resisting coating materials.
[0048] If needed, the cake can also be washed at the
small diameter or upstream ends of baskets 114 and
164. An important advantage is that the basket size can
be identical to that of a regular screen-scroll without
compromise. This makes it easy to retrofit an existing
screen scroll centrifuge, such as shown in Figs. 1A and
1 B, to incorporate the design of Figs. 6 and 7. Thus, the
prethickener equipment of the screen scroll centrifuge
can be eliminated. It is to be noted that the lengths of
solid bowl sections 106 and 156 as well as baskets 114
and 164 in Figs. 6-7 can be significantly greater than
those of Figs. 4 and 5 because the center of mass of the
rotating assembly is closer to the cantilever supports
104 and 154. The centrifuge of Figs. 6 and 7 has a fur-
ther advantage that the G-field is greater at a larger di-
ameter as compared to the prior art shown in Fig. 4 and
without the wear associated with the abrupt discharge
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of the thickened material to a larger screen diameter as
shown in Fig. 3.
[0049] As depicted in Fig. 9, another cantilever coni-
cal screen bowl centrifuge comprises a scroll- or worm-
type conveyor 250 and a solid bowl 252 both rotatably
cantilevered from a machine support 254 which includes
a gear box, bearings, motor and sheave (none illustrat-
ed). Bowl 252 includes a substantially cylindrical solid
bowl section 256 which extends about a hub 258 of con-
veyor 250. Bowl 252 further includes a solid first conical
bowl section 260 connected in cantilever fashion from
a free or downstream end of cylindrical solid bowl sec-
tion 256 disposed opposite the machine support 254.
Conical bowl section 260 functions as a beach and ta-
pers inwardly towards an axis 262 of conveyor 250 and
bowl 252, in a downstream direction away from solid
bowl section 256 and machine support 254.
[0050] In the centrifuge of Fig. 9, a second conical
bowl section 264 in the form of a conical screen or bas-
ket is drivingly secured at a downstream end to convey-
or hub 258 via a spider support 248. Screen or basket
264 is rotatably mounted at an upstream end to a free
or cantilevered end of conveyor hub 258 via a cantilev-
ered extension 246 of conical bowl section 260 and a
pair of bearings 244 and 242. Thus, basket 264 rotates
at the same angular velocity as hub 258, which is differ-
ent from the angular velocity of solid bowl section 256
and conical beach section 260. Conical basket 264 ta-
pers outwardly from rotation axis 262 in a downstream
direction, away from the free or cantilevered end of hub
258 and toward machine support 254.
[0051] Conveyor 250 includes multiple helical blades
266 which, in the region of solid bowl section 256, are
attached to radially outer edges of a plurality of axially
extending vanes 268 rigidly attached to conveyor hub
258. Conveyor blades 266 extend only part of a distance
from an inner surface of solid bowl section 256 to hub
258 and are made of ribbon blade segments supported
by vanes 268. The advantages and functions of vanes
268 are discussed above with reference to vanes 118.
[0052] A feed pipe 272 extends into hub 258 for de-
livering thereto a relatively dilute feed composition in-
cluding 5-50% solids. Conveyor 250 is provided with a
feed accelerator 274 mounted to hub 258 for providing
the incoming feed composition with a tangential velocity
substantially equal to or greater than the tangential ve-
locity of the slurry at the radially inner surface of a clar-
ifier pool 270. Accelerator 274 includes a distributor 276
which receives the incoming feed composition and di-
rects it to a plurality of feed openings or passageways
278 in hub 258. Distributor 276 may be formed with a
plurality of axially extending vanes (not shown) for im-
parting some measure of tangential velocity to the feed
composition prior to the exit of the feed composition
through feed openings 278. Accelerator 274 further in-
cludes a plurality of anti-Coriolis baffles 280 extending
inwardly into hub 258 at respective feed openings 278.
In addition, accelerator 274 may include a plurality of

vanes (not shown) extending outwardly from respective
feed openings 278 and, optionally, one or more
smoothening elements located between feed openings
278 and clarifier pool 270 for spreading out the feed
stream from each opening 278. To reiterate, all of these
features are described in detail in U.S. Patents Nos.
5,551,943, 5,632,714, and 5,520,605, incorporated by
reference herein.
[0053] A plurality of conveyor blades or helical scroll-
ing elements 282 are attached to an outer surface of
conical bowl or beach section 260 and to an outer sur-
face of solid bowl section 256 for scrolling cake solids
along an inner surface of conical bowl section or basket
264 to a cake discharge opening 284, as indicated by
an arrow 286. Conveyor blades or scrolling elements
282 are turned in the same sense as conveyor blades
266 inside solid bowl 252. Solid bowl section 256 and
conical bowl or beach section 260, as well as blades or
scrolling elements 282 welded along the outer surfaces
thereof, are rotated at a speed different from rotation
speed of conveyor hub 258 and basket 264 to thereby
effect a continuous discharge and control of retention
time of the solids in solid bowl section 256 as well as in
basket 264.
[0054] The centrifuge of Fig. 9 has an additional feed
accelerator 290 which is disposed at the downstream
end of conical bowl section or beach 260 for tangentially
accelerating a thickened feed of 40-60% solids moving
from the downstream end of conical bowl section 260 to
the upstream (small diameter) end of basket 264. Thus,
feed accelerator 290 is provided at the downstream end
of beach 260 at a feed opening or passageway 292 pro-
vided for guiding the thickened feed from beach 260 to
basket 264. Feed accelerator 290 generally includes a
vane 296 extending outwardly from passageway 292 to-
wards an inner surface of basket 264. That vane is op-
tionally provided with an outer end (198 in Fig. 8) which
is curved forward in the direction of rotation for providing
an additional tangential velocity component (over-
speed) to the thickened feed being delivered to the up-
stream end of basket 264. Feed accelerator 290 may
additionally include a smoothening element (200 in Fig.
8) for spreading the thickened feed out along a greater
area of basket 264 or, alternatively, the basket location
where the feed is introduced can serve as a smoothener
for the feed.
[0055] During the operation of the cantilever conical
screen bowl centrifuge of Fig. 9, effluent leaves the clar-
ifier pool 270 at 302 and enters a casing compartment
or chamber 304. The effluent is blocked from entering
basket 264 by a catcher or shield 305. Cake solids are
conveyed along inner surfaces of solid bowl section 256
and conical beach section 260 by blades 266 of convey-
or 250, as indicated by arrows 306, and subsequently
along an inner surface of conical screen section or bas-
ket 264 by blades or scrolling elements 282 as indicated
by arrows 286. Along conical screen section or basket
264, filtrate exits bowl 252 into a casing compartment
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or chamber 308, as indicated by arrows 310. Finally,
cake is discharged through opening 284 into a casing
compartment or chamber 311, as indicated by an arrow
312.
[0056] Fig. 10 depicts a cantilever conical screen bowl
centrifuge virtually identical to that of Fig. 9 except that
conical screen bowl section 264 has been replaced by
a conical screen bowl section 316 and a cylindrical
screen bowl section 314. Conical screen bowl section
316 is substantially co-extensive with conical bowl sec-
tion 264 in an axial direction, while cylindrical screen
bowl section 314 is nearly coextensive with cylindrical
bowl section 256. Conveyor blades 282 are modified at
318 to extend to an inner surface (not labeled) of cylin-
drical screen bowl section 316.
[0057] Fig. 11 also depicts a cantilever conical screen
bowl centrifuge virtually identical to that of Fig. 9 except
that solid bowl sections 256 and 260 have been re-
placed by a single solid conical bowl section 320. Solid
bowl section 320 and screen bowl section 264 are sub-
stantially co-extensive with one another in an axial di-
rection. Conveyor blades 266 are modified at 322 so that
the outer ends or edges of the conveyor blades extend
to an inner surface (not labeled) of solid bowl section
320. Likewise, conveyor blades 282 are shortened at
323.
[0058] Fig. 12 illustrates a modification of the centri-
fuge of Fig. 7 wherein cylindrical solid bowl section 156
and conical bowl section 160 are replaced by a single
solid conical bowl section 324. Conical basket 164 is
fixed at an upstream end to a cantilevered end of con-
veyor hub 158 via a flange 326. Thus, basket 164 rotates
at the same angular velocity as hub 158. Bowl section
324 is mounted for rotation about axis 162 at an angular
speed slightly different from that of hub 158. Conveyor
blades 166 and 182 (Fig. 7) are replaced by helical con-
veyor blades 326 and 328 conforming to the modified
bowl design. Conveyor blades 328 extend the entire ra-
dial distance between conveyor hub 158 and the inner
surface (not designated) of solid bowl section 324. As
shown in Fig. 13, each wrap of conveyor blades 326 is
provided with four to six circumferentially equispaced el-
liptical openings 330 to permit effluent to flow axially
near the surface of a clarifier pool 332. This avoids a
flow of high velocity effluent liquid through the helical
channels of the conveyor blades 326, which would en-
train the settled solids in the cake. Dilute feed after prop-
erly accelerated by feed accelerator 174 discharges into
clarifier pool 170 for separation.
[0059] An advantage of the embodiment of Fig. 12 is
that clarifier pool 332 has an increased volume relative
to pool 170, thus facilitating sedimentation. The design
of Fig. 12 is relatively compact and space efficient. The
height and mass of the outer conveyor blades 328 are
reduced relative to the design of Fig. 7, thus reducing
the overall conveyor mass.
[0060] Although the invention has been described in
terms of particular embodiments and applications, one

of ordinary skill in the art, in light of this teaching, can
generate additional embodiments and modifications
without departing from the spirit of or exceeding the
scope of the claimed invention. For example, it is to be
understood that the conical solid bowl sections and the
conical screen bowl sections disclosed herein may each
include multiple conical bowl sections extending at dif-
ferent angles relative to the axis of the machine. Thus,
cylindrical screen section 188 in Fig. 7 may be alterna-
tively formed as a conical section having a cone angle
different from that of conical screen bowl section 164.
Similarly, cylindrical screen bowl section 314 in Fig. 10
may be replaced by another conical screen bowl section
having an angle of inclination different from that of con-
ical screen bowl section 316. Accordingly, it is to be un-
derstood that the drawings and descriptions herein are
proffered by way of example to facilitate comprehension
of the invention and should not be construed to limit the
scope thereof.

Claims

1. A cantilever conical screen bowl centrifuge com-
prising:

- a machine support (104);
- a scroll- or worm-type conveyor (100) rotatably

cantilevered from the machine support (104),
the conveyor (100) having a hub (108); and

- a bowl (102) rotatably cantilevered from the
machine support (104), the bowl (102) includ-
ing a solid first conical bowl section (110) rotat-
ably cantilevered from the machine support
(104) and extending about the hub (108),

characterized in that
the bowl (102) also includes a second conical bowl
section (114) connected in cantilever fashion from
a free or downstream end of the first conical bowl
section (110) opposite the machine support (104),
the second conical bowl section (114) extending
away from the machine support (104).

2. The centrifuge defined in claim 1, further charac-
terized in that the first conical bowl section (110)
tapers inwardly towards an axis (112) of the con-
veyor (100) and the bowl (102), in a downstream
direction away from the machine support (104).

3. The centrifuge defined in claim 2, further charac-
terized in that the second conical bowl section
(114) is a conical screen or basket.

4. The centrifuge defined in claim 2, further charac-
terized in that the second conical bowl section
(114) tapers outwardly from the axis (112) in a di-
rection away from the free or downstream end of
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the first conical bowl section (110).

5. The centrifuge defined in claim 1, further charac-
terized in that the bowl (102) further includes a cy-
lindrical solid bowl section (106) cantilevered from
the machine support (104) and extending about the
hub (108), the first conical solid bowl section (110)
being mounted indirectly to the machine support
(104) via the cylindrical solid bowl section (106), the
first conical bowl section (110) being connected in
cantilever fashion from a free or downstream end
of the cylindrical solid bowl section (106) opposite
the machine support (104).
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