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ber inlets and to which the s'uspension is fed at its axis.

in its rotation, the impeller introduces the suspension
into the chambers at high velocity and the coarse particle
fraction leaves each chamber at the lower end, while the

R R T -~ b fine particle fraction issues at the top. = =~ =
Steen Jacob Bek, Copenhagen, Denmark, assignor to = The sharpness of separation between two fractions of

~ F. L. Smidth & Co., New York, N. Y., a corporation  glurry leaving a separating chamber. varies directly with
- of New Jersey .. . . the time taken by the slurry in passing through the cham-~
- Application September 19, 1955, Serial No, 535,192~ ber. With a chamber of the small dimensions necessary

o B - -~ 10 to obtain:the desired centrifugal action, a long period of
Claims priority, application Great Britain ~ travel of the slurry through the chamber requires that
| ~ . September 20, 1954 - the chamber have a small inlet and that the slurry have
€ Ciat {(CT 2009 - a high feed velocity. Under such conditions, the resistance
e GCams. (CL 20921 ~ to flow of slurry is high both in the inlet and within the
This .invention relates to the separation of sturry and 15 chamber, particularly with thick slurry and, as a result,
like suspensions into fractions containing fine and coarse ~the app aratus is :.SUb]ﬁ:thd to he_aw'“’_eaf-ﬂﬂd_ tha_power )
 particles and is concerned more particularly with a novel ~ comsumption is high.

- apparatus, by which such separating operations can be The practice of the method of the invention ‘makes

performed at a rapid rate and with a lower power cost possible a sharp separation of slurry and like suspensions
than heretofore. The invention also includes a method, 20 Without the ob]ectmnabl?. features mentioned and  the
by the use of which a sharp separation may be obtained ~ Method involves proportioning the rate, at which the

‘without heavy wear on the equipment and high power  SUITy is fed Into a separating chamber, the velocity of

consumption. .. . o7 S flow, and the size qf-; the_lplet-;OP_enlng_.o_f_ the----chambﬂr,-.

- In the SE:paratiQn_:of'Suspemiﬂn’s, such as the shi‘rry pro- SO that the slurry is continually fed into the chamber |

- duced in the manufacture of Portland cement, into fine 25 @t a rate greater than the chamber can handle and the
~ and coarse particle fractions, it has been common prac- . $¥cess amount is continually withdrawn from the cham-
tice to use separating chambers of circular cross-section ~ 0¢r shortly after it enters the chamber. _Lhe excess slurry
having a tangential inlet opening and outlets for the two - SO Withdrawn is combined with the slurry being fed into
fractions at opposite ends. One such separating chamber the chamber. As a result of this action, a high inlet veloc-

- is a hydrocyclone, which has a casing of inverted frusto- 30 1ty 1s obtained without the necessity of employing an:in-
conical shape with the inlet near its upper end. When  .°t Passage of reduced size, so that wear and power con-
the shlurry is fed into the hydrocyclone casing- through  SUIMDP tion are reduced. After removal O-f;ﬂ}e- CRCESS slm:ry,
the let, the heavier particles move toward the casing the Temaining _-slqrry ‘undergoing _separatlon--,:h_as a high

- wali under centrifugal action and travel downward on the velo_clty, so that its travel th%'f’ugh- the separating Ch'?'m-"-
wall along helical paths to the bottom discharge opening, 35 Per is such as to afford the desired sharpness of separation.
while the lighter particles are forced toward the axis of - Fol__'__a_ better unde:r_stan_dmg_ Ut: the_--_m;{?ytlop, re_f_e:rence |

- the casing and then upward to the top discharge opening. ™2y be made to the accompanying drawing, in which
In order to create a sufficiently powerful centrifugal ac- Fig. 11s a view in elevation with parts broken away
tion, the dimensions of a hydrocyclone must be rather of one:form of the new apparatus suitable for the prac-
‘small; so that the capacity is limited and, when large 40 tice _qf_th‘e new -.I-]Zleth-(’d;. o S
amounts of slurry have to be treated, it is often necessary _F;g. 21sa s_ect%onal view on the lzne 2—2of ng_‘ 35
to use a large number of such hydrocyclonss working in anglg'- 3 15 a sectlonal view on the line 3-_-7-3_@_f Fig. 1;
parallel. R ANl e

In a hydrocyclone installation, a centrifugal pump is 118 4 1s a view similar to Fig. 2 showing a modified
connected to the inlet opening of the casing and the 45 construction.. T o
velocity of the slurry flowing to the pump is converted in The separating apparatus shown in Figs. .1-3, incl,
the pump into pressure and the pressure is converted = SOMPIises a casing 10 having a central opening through
back into velocity in the inlet opening. This double con- LS top encircled by a hub 11 enclosing a shaft 12 mounted |
version of one form of energy into another involves con- - for otatwn' I ._sultable___ bearl_{lg_s ~and _._;carrym’g at -1ts

-siderable frictional loss and is an objectionable feature of g lower end within the casing an impeller in ﬂh‘? form of a

~a hydrocyclone. The double conversion mentioned is  'ani€ wheel made up of a hub 13 and a plurality of radial

“avoided in another form of hydrocyclone called a cen-  °lades 14. The shaft may be driven in any suitable way
triclone, in which a rotary impeller in the form of a vane 2 for example, by belts 15 encircling pulleys 16 at the
wheel is mounted in the casing and imparts the desired  UPPCT end of the shaft, The bottom wall 17 of the casing .

 velocity to the slurry immediately after it has entered the gs 125 2 central opening, through which slurry is introduced
casing. However, if it is necessary to use a number of At the axis of the impeller through a p pe 18 connected to
~such centriclones in parallel in order to obtain necessary the bottom of the casing around the opening.. -~
capacity, the drives for the individual impellers in the =~ . 1D€ casing has a hollow peripheral section 19 subdi-
casings are complicated and expensive both to install and - vided to_f‘?fm a plqrahty of cavities 20 equiangularly
tooperate. e spaced about the casing. Each cavity-or chamber has a

‘The apparatus of the invention is superior to those here- ~ cvlndr lcal upper section and an opening 21 lying in the
tofore used in that it provides the desired relatively high  Plane of rotation of the impeller serves to connect ‘the
output rate with a lower power cost. The apparatus in- © UPPST section of each chamber to the interior of the

- cludes a plurality of separating chambers arranged in a - ©2SI0g and acts as a peripheral outlet opening from the
circular series and a single means for introducing the 65 casing _ﬂﬂd_a tangential inlet into the upper section of the

~ suspension to be separated into the chambers through  °pamber. ~An outlet plate 22 is mounted in the upper

- tangential inlets. The chambers are mounted with their =~ S€ction of each chamber above the opening and is pro-
axes parallel and the chambers may be of the hydrocy- ~~ Vided with an axial cutlet tube 23, which extends down-
‘clone type with frustconical lower ends, or they may be ~ Wwardly into the caamber and terminates below the level ;
substantially cylindrical. In either case, the suspension "70-__0f.th6”iﬂleti21'~ The upper section of each chamber has

is introduced into the chambers by an impeller of vane ' an outlet opening through its upper end lying offset from
Wheel form, which rotates in a plane through the cham- the axial outlet tube of the plate in the chamber and 3
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fine .particle fraction .outlet passage 24 leads upwardly .at

an angle to the vertical from the top outlet opening from
the upper section of each thamber to a circular duct
25, which owerlies «all sof ithe passages 24 and /has. atcom-
mon discharge outlet 26,

“The wupper -section :of -each chambar 0T cav;(ty 20 acts
- as a-separating chamber which, in the construction shown
in Figs. 1-3, incl., includes a frus‘t@eca-nicail «discharge sec-
tion 27 connected to the bottom of the casing 14 in line
with the uppersection-of the cavity. Each of the:sections
27 ‘has -a-bottom outlet 28 dlschargmg into a -circular duct
29 ‘having an -outlet 30. - L
- When :the appara‘tus is to be used in ‘the practice of
' the method, -a discharge passage 31 formed in:the bottom
17 -of wasing 10 jeads upwardly from a tangential outlet
opering 'in the upper sectien of -each cavity 28 below ‘the
inlet 21 into that cavity. Fach - passage opens -at its other
end-into the casing to discharge slurry into the path-of the
lmpellar at ‘a place where the velocity -of the slurry in the
~casing is substantially the same as the velocity of the
sturry travelling through the passage. -
. In the operation -of the apparatus the slurry entering
“casing 10 ‘through pipe 18 is-fed tangentiaily into -the
separating chambers at high velocity by the action of the
vane wheel impeller. In accordance with the method, the

slurry ‘is- supplied 4o the casing -at such a rate that more

slurry is fed into-: each chamber than the chamber is ca-
pable ‘of handling. The slurry, accordingly, enters each
 chamber at ‘high wvelocity and, shortly after the entrance
of the slurry, the excess -quantity thereof 1s removed

b

10

- the impeller wheel and was 125 mm.

20

o

‘through the tangential outlet and the discharge passage -

31 and returned to the casing. The remaining slurry then
travels .at high velocity and along a helical path of low
pitch through the sections 27 of the chamber. The coarse
particle fraction is ‘discharged through outlets 28 into the
common -duct 29, while the fine particle fraction escapes
-through the outlet tubes 23 and outlet passages 24 into
the common duct: 25. |
‘The slurry enters-each chamber 20 through a tangential
inlet from ‘the main casing and-thus travels rotationally in
a counterclockwise -direction in the chambers with the
coarse fractions moving down and the fine fractions mov-
ing up through the axial passages 23 through plates 22.
The rotational ‘movement will continue in the fine frac-
~ tions -as they travel through the outlet passages 23 into
the upper sections of the chambers above the plates 22.
In the spaces directly above the plates 22, the rotational
movement of the fine fractions continues and the fine
fractions travel upwardly through pipes 24 into the duct
25 -against the pressure of the fluid in the duct. As the
fractions enter ‘the space above the plates 22 they move
outwardly to ‘the- penpherles of the spaces, while still
maintaining ‘their rotational movement. With the pas-
sages 24 leading from the spaces near their peripheries,
the fluid can enter the passages 24 more easily than would
be the case if the passages 24 were vertically .aligned with

the -axial passages 23. In each of the passages 24, the
- - rotational -energy of the -fluid is transformed into pressure

energy, -which ‘helps :to overcome the back pressure of the
fluid in the duct 25. By making it easy for the fluid to
- leave the spaces-above the plates 22 and enter the passages
24, there ‘is little energy lost in friction and most of the
energy of the rotational movement is transformed into
pressure energy ‘serving the purpose indicated above.

- The. lnchnlng of the passages 24 at the proper angle
‘to the vertical in relation to the rotational movement .of

the fine fractions through the chambers above the outlet

plates further facilitates the transfer .of the fine fractions
from the chambers 20 to the duct 25 with little energy

loss since it causes the fine fractions to flow -from the

chambers into the passages without abrupt changes .in
direction, which would result in a loss of energy .as well

as wear on the walls of the passages.
“In the construction illustrated, each separatmg chamber
has a section 27 of 1nverted frusto-conical form, but it is

i
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..not .necessary that the .section .be .of such form. .In the

modified construction illustrated in Fig. 4, the separator
chamber section 32 is cylmdncal and it is attached to the
bottom 17’ of the casing 10’ in alignment with a cavity
20" having a tangential inlet'21’ .and a top 22" having an
outlet passage .23'.

which the coarse partlcle fraction leaves section 32, the
lower end of fhe section is provided wifth an anuular
trough 33 .and an .outlet p1pe 34 for the coarse particie

fraction leads from -an opening through -the outer wall of
the trough in a direction opposite to the direction of fow
within the section and discharges the fractmn into a duct
29°.

In one form .of separatmg apparatus ‘constructed and
operating in accordance with the ‘invention, the greatest
diameter of each separating chamber was in the plane of

the impeller wheel was 400 mm. and the wheel was oper-
ated .at 900 R. P. M. ‘Such an apparatus havmg 10 sepa-
rating chambers had a capagcity of .about 109 cubic meters
of alunry per hour.

1. An apparatus fo.r sepa1 ating slurry and llke saspen-
sions 1nto fractlons contammg coarse and fine particles
which comprises a casing of circular section shaving a
plurahty of outlet openings through its. perlpheral wall

in spaced -relation, .an 1mpeller mounted within the cas-

ing for rotation .on the axis of the.casing, a plurality of

separating chambers disposed . about the casing with- the;lr'

axes.par allel to that of the casing, the chambers havmg
cylindrical upper sections -with. tangenual inlets connected
to respective outlet openings of the casing, an outlet plate
in the upper section of each chamber below the top of
the 'section and above the tangentlal inlet, an axial outlet
for a fine particle fraction through each -outlet plate, an
outlet for a coarse particle fraction at the lower end of
each chamber a circular duct overlylng the chambers,
each chamber havmg an .outlet opening through the upper
end .of its upper section out of alignment with the -axial
outlet through . the plate in said upper section, a pipe
leadmg fram the outlet 0penmg of each chambar at an
means for rotatmg the 1mpeller, _and means for feecllng
the suspension to be separated to the lmpeller at ‘its -axi1s
of rotation. |

2. An apparatus for separatmg slurry and like su3pen-
sions -into fractions containing fine and coarse particles
which comprises a separating chamber having .a tangen-
tlal inlet and outlets for ﬁne and -coarse fractlons at oppo-
ity _._m.ta ,t._h_.ze _t:.h.ambe.r .th_mugh_ _the t&ﬂgﬁl_lt_l.ﬂl m.lf:.t .-.and
means, including -a tangential outlet from ‘the chamber
adjacent. to and beyand the tangential inlet, for .continu-
ously withdrawing suspansmn from-the chamber and-com-
bining the suspension -withdrawn with that being fed.

3. A method -of separating slurry and like suspenswns
into fractloas containing fine and cocarse particles in a

“separating chamber of circular cross-section having .a

tangential inlet and outlets at its .ends for the fractions,
which -comprises feeding the suspension into the chamber

‘through the inlet at.a rate greater than can -be separated

in the chamber and continuously withdrawing the excess

suspension from the chamber adjacent the inlet and com-

bining the suspension withdrawn with that being fed.

4. The :method. of claim 3, in which the suspension
Wlthdrawn 18 combined -with the suspensmn being fed at
a place where the wvelocities of the suspensm'ls are sub-
stantially the same. |

5. An apparatus for separating slurry .and. like suspen-
sions into fractions containing coarse and fine particles
which comprises .a casing of circular section having -a

plurality of outlet openings through its peripheral -wall in
spaced relation, .an lmpeller mounted ‘within - the .casing

for rotation .on the.casing axis, -a plurality of separating
chambers dlspased about the casing with their axes pacal-
lel to the casing axis, tha chambers havmg tangential in-

In order to reduce the pressure, at

The diameter of

._L.' ! .
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lets connected to respective outlet openings of the casing |
and outlets for fine and coarse particle fractions at their

opposite ends, means for rotating the impeller, means for
feeding the suspension to be separated to the impeller at
its axis of rotation, a small tangential outlet from each
chamber below the level of the inlet, and a passage lead-

- ing from the small outlet into the interior of the casing

between the axis and the periphery of the impeller. -

6. An apparatus for separating slurry and like suspen-

sions into fractions containing coarse and fine particles
which comprises a casing of circular section having a
plurality of outlet openings through its peripheral wall
in spaced relation, an impeller mounted within the casing
for rotation on the casing axis, a plurality of separating
chambers disposed about the casing with their axes paral-

6

haviﬁg- 'tangﬁntial inl'cts; axial fine fraction outlets at thcir o
upper ends, and tangential coarse fraction outlets at their

lower ends, means for rotating the impeller, and means

- for feeding the suspension to be separated to the impeller
5 atits axis of rotation. =~ = : )
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