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" In this speci?cation, and the accompany 
ing drawing, I shall describe and show a 
preferred form of my invention, and-spe 
ci?cally mention certain of‘ its more impor— 
tant objects. I do not limit myself to the 
forms disclosed, since various changes and 
adaptations may be made therein without 
departing from the essence of my invention 
as hereinafter claimed; and objects and ad 
vantages, other than those speci?cally men 
tioned, are included within its scope. 
My invention relates to centrifugal scpara- 

tors for treating- ores and other substances 
in liquid, semi-liquid, or powdered form, for 
\separating and concentrating the particles 
of higher speci?c gravity by Jthe action of 
centrifugal force. The more important ob 
jects of the invention are; ?rst, to provide. 
means for greatly increasing the operating‘ 
yield of. devices ‘of this nature; second, to 
produce a centrifugal separator‘ embodying 
regulating adjustments whereby 1t is adapted 
to handle materials of widely different char 
acter under a great variety of operating con 
ditions; third, to improve the operating e?i 
ciency of machines of this class expressed in 

. yield per unit of power expended and yield 

30 

4 

per unit of cubical capacity; and, fourth, to 
accomplish the above results in a very simple 
and relativelyinexpensive manner. I 
My objects are attained in the manner il 

lustrated in the accompanying drawings in 
which I have shown a speci?c form of my in 
vention adapted primarily for concentrat 
in ores. In the drawin v 

i‘igure 1 is an elevation of the complete 
machine shown partly in section to disclose 
the interior construction; . ' 
-Figure 2 is a horizontal section of the 
above machine taken on the line 2-2 of 
Figure 1; ’ 
Figure 3 is any enlarged sectional detail 

of a portion of the lower part of the sep 
arating bowl and housing and showing par 
ticularly my improved nozzle construction; 
V Figure 4 is a fragmentary elevation of the 
nozzle manifold and method of regulating 
the; ?ow to the individual nozzles, the mani 
fold being shown broken and artly in sec 
tion, this view being drawn to t e same scale 
as Figure 3-; 
Figure 5 Is an elevation of the operating - 

end of the nozzles and its adjusting features 
per se and on an enlarged scale; and 

separator ' is supported on 

-- Figure 6 is a diagram showing an axial 
section of one of the skirt 'rin surround 
ing the separating bowl and t 0 action of 
plural nozzles as embodied in my invention. 

Similar reference numeralsrefer to simi 
lar arts throng out the several views. 

y improve ' separator is adapted for 
continuous operation, the material to be 
treated being fed into the‘ machine at its 
intake at any rate within its capacity, and 
the concentrates and sludge being separately 
discharged in a more or less continuous 
stream in accordance with the manner of 
feeding. ‘ . 

The construction comprises a rotatable 
bowl 7,which is preferabl ' made in the form 
of an inverted’truncate cone. This bowlv 
has a cover plate & at the top ‘having a 
short hollow shaft 9 through which this 
material to be treated is fed. Shaft 9 is ro 
tatable in the bearin 10 mounted upon’. cover 
11 of the separator ousing 12. At the bot 
tom the bowl is mounted uponga-sh'aft 13 
rotatable in bearings 14 and is driven by a 
pulley 15 7 intermediate the bottom shaft 
bearings. The weight of the rotatable parts I 
is taken by means of a ball thrust-bearing 16. 
The two bottom bearings and thrust are 

supported and kept in alignment by means, 
of a suitable hanger .17 concentrically sus 
pended from the bottom of the separator 
housing,v The bottom of the bowl is pro 
vided with a downwardly extending annular 
?ange 18 and the bottom of the housing has 
an upwardly extending, annular ?ange 19 
within the bowl ?an e, this construction be 
ing to protect the ottom bearings from 
gritty material in a manner that will be 
apparent‘ from the drawings. The whole‘ 

a base plate 20 
having a circular ?ange 21 vconcentric with 
the housing. I . 

Bowl 7 is provided with a series of ri?les' 
22 on its inner surface and arcuate circular 
ori?ces 23 between the ri?les. The ori?ces are 
relatively narrow and are nearly continuous 
around the periphery of the bowl, but in 
order to make an integral construction it is 
of course necessary to spacethe ori?ces of 
each stage by means of the integral con 
necting1 strips 24. 

At‘ t e top of the bowl there is also a series 
of arcuate circular ori?ces 25 adjacent the 

I cover. 
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-1ent manner as by the bolts 

On the outsidev of the bowl is a series of 
skirt rings 26 opposite ori?ces 23.‘ These 
skirt rings are interiorly grooved in such 
a manner as to constitute an annular cham 
ber outside of the ori?ces. The skirts 27 of 
these rings extend downwardly and inward 
1y toward the axis of the bowl and are 
s i?htly spaced therefrom. 

ousing 12 has a series of downwardly 
extending pockets 28 formed by the sloping 
annular partitions 29. The openin of the 
pockets are respectively opposite t e lower 
edges of the skirts 27. A plurality of longi 
tudinal ribs 30 subdivide each of the circular 
pockets and the number of these ribs is de 
termined in accordance with the duty of the 
machine in a manner that will be explained 
presently. At the upper end of the housing‘ 
1s an annular launder 31 on a sloping plane 
and having discharge outlet 32 for sludge. 
A series of small jet nozzles 33 extends 

under each skirt and upwardly and out 
wardly for the purpose of dislodging con 
centrated material banks maintained in the 
annular chambers of the skirt rings by' cen 
trifugal action when the machine is running. 
These nozzlesare part of the construction 
that will be described below and are located 
adjacent vertical ribs 30. On the other side 
of these ribs are a series of nipples 34 for 
segparately discharging the contents of each 
0 the subdivided pockets 28. An addi 
tional ni file 35 at the bottom of the housing 
is for the urpose of discharging material 
thrown off y the bottom skirt. 
The nozzle construction comprises a plu 

rality of cellular manifolds 36. These mani 
folds contain longitudinal compartments 37 
running the full length of the manifolds and 
connected to a source of water supply as by 
the ipe 38. A series of cells 39 adjacent 
the ibngitudinal compartment also run the 
full length of each manifold and‘ valves 40 
separately control the admission of water 
from the longitudinal compartment to the 
cells through ori?ces 41. These manifolds 
are attached to the housing in any conven 
' 42. 

_ Each of the manifold cells is pierced b a 
closed end tube 43 perforated as at 44 wit in 
the cell. The inner ends of these tubes ex 
tend into the housing through holes 45 pro 
vided therefor and ‘co-axial holes 46 in the 
sloping partitions 29. The outer ends of 
these tubes may be squared as at 47 so that 
they maybe turned in their threads 48. 
The ends of the above tubes are eccen 

trically pierced by opposed holes and smaller 
tubes 49 are inserted therethrough. These 
inner tubes are perforated as at 50 and are 
rotatable and longitudinally slidable within 
the large tube. The inner ends of these small 
tubes are provided with jet nozzles 33 ex 
tending under the skirts and then upwardly 
and outwardly as shown most clearly in 
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Figure 3. The outer ends of the small tubes 
extend beyond the larger tubes for manipu 
lating purposes and these ends may also be 
squared if preferred, but have not been so 
shown in the drawings. . _ 

From the above description it will be evi 
dent that water may be admitted to each of 
the jet nozzles by means of its respective 
valve 40 through cell 39, perforation 44 and 
perforations 50. It will also be evident that 
due to the eccentric mounting of the small 
tubes in the larger tubes the smaller tubes 
may be laterally adjusted in position by ro 
tating the larger tubes. Furthermore, it 
will be seen that the small jet nozzles may be 
positioned longitudinally and angularly by 
sliding and turning the small tubes 49 inde 
pendently of the larger tubes. 
The above nozzle construction allows for 

independent operation and control of pres 
sure “on each jet. It also allows of placing 
the jet in the position in which it will oper 
ate most advantageously. 
The form of my machine above described 

and shown in the drawings is particularly 
designed for the purpose of recoverin 
values from ores. The ore pulp is delivered 
to the interior of the bowl through hollow 
shaft 9 and falls to the bottom. Due to the 
centrifugal action of the inverted conical 
shape of the bowl the material is thrown out 
wardly and tends to travel upwardly against 
ri?les 22. r The heavier materials, however, 
will ?rst be thrown outward through ori?ces 
23 and will collect in the annular chambers 
of the skirt rings in the form of a bank 
maintained there by centrifugal force. 
lVhen this bank is formed, therefore, the 
oril?ces are virtually sealed and no more 
pu 
through. The pulp thenis forced to travel 
further upward to the next ori?ce and so on 
to the top of the bowl. 
In the above manner, a bank of concen 
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p or concentrates can pass outward there- :1 

trated material is formed in each of the an~ .~t 
nular chambers on the inside .of the skirt 
rings and if the machine is being properly 
operated the pulp by the time it has reached 
the upper ri?ie will have been robbed of all 
of its values. This valueless pulp will then 
continue upward and be, thrown outward 
through ori?ces 25, into the annular launder 
31 and be discharged therefrom through the 
outlet 32. 
When the machine has reached the oper 

ative condition. just described, it can not do 
any further concentrating until some of the 
concentrates that have been collected in the 
skirt rings are removed. If the concentrates 
are not removed the introduction of further -? 
pulp containing values would be’useless as 
the whole body of pulp would pass upward 
across the ri?ies and be discharged through 
outlet 32. For‘the continuous 
the machine, therefore, it is necessary to 

operation of‘ 
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continually remove‘ the concentrates from 
each of the skirt rin at‘ the Proper. rate. 
This is the function 0 jet nozzles 33. 
The operating condition as above de 

scribed, is illustrated in Figure '3 in which 
the concentrates indicated‘at 51 are main 
tained in the annular chambers of the skirt 
rings by the action of centrifugal force. 
If now a jet under su?icient pressure is dis 
charged from nozzle 33 it will tend to wash 
the concentrates downward and thus free the 
corresponding ori?ces and permit more con-' 
centrates to pass therethrough. The down 
ward washing-of the jet is, however, opposed 

the tendency of the concentrates to move 
upwardly due to the action of the centrifu 
gal force. 
Referring now to Figure 6, we will ?rst 

’ assume that nozzles 52 and 53 are closed 
and that nozzle 54 is open and operating. 
The skirt ring is supposed to revolve 1n the 

, 'direction indicated by arrow 55. The jet 

25 

30 

from nozzle 54 will wash‘ the concentrates 
downward ‘over. the skirt and a portion of 
these will be discharged from the bottom 
edge thereof and thrown outwardly into the 
corresponding pocket 28 in the housing. Or 
dinarily, however, they will not allbe thus 
thrown outwardlyand if not, what remains 
on the skirt will againbe thrown upwardly 
as indicated by dotted lines 56. We Wlll 
now assume that nozzle 52 is opened and er 
mitted to operate. A portion of itsst ‘am 
will throw downward some of the concen 
trates in the‘ path 57 and a portion will be 
used to wash off the concentrates from noz 
zle 54 in the manner indicated at 58. Thus 
none of the concentrates released by nozzle. 
54 are ermitted to remain on the skirt as 
they otherwise might do.’ I When nozzle 53 
is opened it acts similarly as at 59 on the 
concentrates released b nozzle 52. v 
The eifect of multip e nozzles used in the 

manner described increases the yield of a 
separator in a most surprising‘ manner. I 
have foundexperimenta ly that in one case 
the use of three nozzles in this wa resulted 
in nine times the yield of one. _ he use of 
four nozzles gave twelve times the yield of 
one ‘in this same instance, and again the use 
of eight nozzles caused the ‘yield to 'drop 
back to three times the yield of one. In this 
particular machine under the same condi 
tions of operation, the use of two‘ nozzles 
gave almost exactly twice the yield of one. 
It will, therefore, be seen that the use of 
lural nozzles in the manner described may 
made to multiply the yield instead of 

merely increasing it proportionally to the 
number of nozzles. 
From the above experiment it is evident 

that when two nozzles were used their action 
was entirely independent. In‘ other words, 
each nozzle discharged a certain yield of 
concentrates and the use of two ‘doubled the 

a 

yield of one, since neither operation a?ected 
the other. 7 When a third nozzle was put’ in 
action, however, the yield instead of being 
three times the norma yield of one was nine 
times, clearly exhibiting thegreat e?icacy of 
the washing down actlon diagrammatically 
shown in Figure 6. In this case, therefore, 
the nozzles‘ were co-operative, each nozzle 
being assisted in its operation by the suc 

_ ceeding nozzle. When the fourth nozzle was 
added we again got the same rate of increase 
in yield, showing that four nozzles were also 
properly co-operative. It at ?rst appeared‘ 
to be‘ surprising thatvwhen' eight nozzles 
were used the total yield- ‘dropped back to 

_only three times the yield of one, but the 
explanation appears to be quite simple in 
view of Diagram 6. In this latter case} the 
nozzles were not properly co-operating, but 
on the contrary, they were interfering with 

10 

each other in their operation.. In other 
words, the spacing of the "nozzles was too 
close and~the material released from each in 
stead of being allowed to wash downwardly 
to the bottom of the skirt was actually 
washed upward again by the succeeding 
nozzle. ' ' . ' ' ' 

' It is evident from the above that it is 
perfectly possible to enormouslyincrease the . 
yield by the use of plural nozzles in a man 
ner entirely out of proportion to the mere 
plurality. It is also obvious that the actual 
number of nozzles must be determined with 
relation to the peripheral speed of the skirt 
rings and the diameter of the latter. Also 
there. are doubtless other factors such as jet 
pressure, speci?c gravity of concentrates, 
consistency of concentrates, etc., which are 
more or less variable and which at the res? 
ent time have not been fully ‘determine _ . 

'I desire to point out particularly that the 
use of plural nozzles in the manner described 
is radically dilierent from the use of a mere 
multiplicity of nozzles. In my invention the . 
nozzles function co-operatively to produce 
a common result entirely out of proportion 
to the multiplicity, and the yield may be 
made to greatly exceed the added e?ect of 
the same number of nozzles functioning inde 
pendently. ' ' ' v 

I also'wish to call attention to the fact 
that the great ‘?exibility of nozzle adjust; 
ment permits my separator to be used under 
a wide variety of conditions for separating 
materials varying greatly in character. . 

I claim as my invention: 
_ 1. In a separator adapted for centrifu 
gally segregating circumferential banks of 
material upon a rotary member, means forv 
directing a plurality of angularly spaced 
jets against each of said banks for remov 
ing said material; said jets being positioned 
in such manner thateach is adapted to co 
operate with the preceding jet of its series 
by preventing dislodged material from 
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being centrifugally returned to its bank. 
In a separator adapted for centrifu 

gally segregating circumferential banks of 
material upon a rotary member, means for 
directing ‘a plurality of angularly spaced 
jets against each of said banks whereby said 
material may be removed; said jets being 
positioned in such manner that each is 
adapted to cooperate with the preceding jet 
of its series by preventing dislodged mate 
rial from being centrifugally returned to its 
bank; and the direction of the jets being 
variable with respect to the direction of 
motion of the banks.’ ' 

3. A centrifugal separator comprising; a 
rotatable bowl having a circumferentially 
ri?ed interior surface and arcuate ori?ces 
between the ri?es; means on the outside of 
the bowl for centrifugally retaining banks 
of material discharged from the ori?ces to 
variably obstruct the ?ow- therethrough; 
and means for directing a plurality of angu 
larly spaced jets against each of said banks 
whereby said material may be removed; 
said jets‘ being positioned in such manner 
that each is adapted to cooperate with the 
preceding jet of its series by preventing dis 
lodged material from being centrifugally 
returned to its bank. L 

4. A centrifugal separator comprising; a 
rotatable bowl having a circumferentially 
r‘i?ed interior surface and arcuate ori?ces 
between the ri?es; means on the outside of 
the bowl for centrifugally retaining circum 
ferential banks of material discharged from 
the ori?ces to variably “ obstruct the‘ ?ow 
therethrough’; and means for directing a 
plurality of angularly spaced jets against 
each of said banks whereby said material 
may be removed; said 'ets being positioned 
in such manner that eac is adapted to coop 
erate with the preceding jet of its series by 
preventing dislodged material from being 
centrifugally returned to its bank; and the 
direction of the jets being adjustable with 
respect to the direction of motion of the 
banks. 

5. A centrifugal separator comprising; a 
rotatable bowl in the form of an inverted 
truncated cone having a circumferentially 
ri?ed interior surface and arcuate ori?ces 
between the ri?es; rings on the outside of 
the bowl having downwardly and inwardly 
directed skirts spaced from the bowl, form 
ing annular pockets for 'centrifugally re 
taining banks of discharged material‘ op 
posed the ori?ces to variably obstruct the 
?ow therethrough; and means for directing 
a plurality of angularly spaced jets up 
wardly and outwardly under each of said 
skirts whereby said material may be washed 
downwardy from said banks to be centrifu 
gally thrown from the skirt bottoms; said 
jets being positioned in such manner that’ 
each is adapted to cooperate with the pre 
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ceding jet of its series 
lodged material from 
returned to its bank. 

6. A centrifugal separator comprising; a 
rotatable bowl in the form of an inverted 
truncated cone having a circumferentially 
ri?ed interior surface and arcuate ori?ces 
between the ri?es; rings on the outside of 
the bowl having downwardly and inwardly 
directed skirts spaced from the bowl, form 
ing annular pockets for centrifugally re 
taining banks of discharged material op_ 
posed vthe ori?ces to variably obstruct the 
?ow therethrough; and means for directing 
a plurality of angularly spaced jets up 
wardly and outwardly under each of ‘said 
skirts whereby material may be washed 
downwardly from said banks to be centrifu 
gally thrown from the skirt bottoms; said 
jets being positioned in such manner that 
each is adapted to cooperate with the pre 
ceding jet of its series by preventing dis 
lodged material from being centrifugally 
returned to its bank; and the direction of 
the jets being adjustable with respect to the 
direction of motion of the banks. 

7. A centrifugal separator comprising; a 
rotatable bowl having a circumferentially 
ri?ed interior surface, arcuate ori?ces be 
tween the -ri?es, and a tubular journal 
through which material may be introduced; 
means on the outside of the bowl for cen 
trifugally retaining banks of discharged 
material opposed the ori?ces to variably ob 
struct the flow therefrom; means for di- 10° 
recting a plurality of angularly spaced jets 
against each of said, banks whereby said 
material may be washed therefrom to be 
centrifugally thrown from the bowl; and a 
housing surrounding the bowl ‘having in- 105 
terior circumferential pockets respectively 
adapted to catch the material thrown o?’ 
from the banks; said jets being positioned 
in such manner that each is adapted to co 
operate with the preceding jet of its series 110 
by preventing dislodged material from being 
centrifugally returned to its bank. 

8. A centrifugal separator comprising; a 
rotatable bowl having a circumferentially 
ri?ed interior surfacewarcuate ori?ces be- 115 
tween the ri?es, and a tubular journal 
through which material may be introduced; 
means on the outside of the bowl for cen 
trifugally retaining banks of discharged 
material opposed the ori?ces to variably ob- 120 
struct the ?ow therefrom; means for di 
recting a plurality of angularly spaced jets 
against each of said banks whereby said 
material may be washed therefrom to be 
centrifugally thrown from the bowl; and a 125 
housing surrounding the bowl having inte-' 
rior circumferential ockets respectively 
adapted to catch mate ial thus thrown off 
from the banks; said 'ets being positioned, 
in such mannerthat each is adapted'to co~ >130 

by preventing dis 
being centrifugally 
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operate with the preceding jet of its series 
by preventing dislodged material from be 
ing 'centrifugally returned to its bank, and 
the direction of the jets being adjustable 
with respect to the direction of motion of 
the banks. 

9. A centrifugal separator comprising; a 
rotatable bowl in the form of an inverted 
truncated cone having a circumferentially 
ri?ied interior surface, arcuate ori?ces be— 
tween the rifiles, discharge openings at its 
upper extremity, and a tubular journal 
through which material may be introduced; 
rings on the outside of the bowl having 
downwardly and irwardly directed skirt-S 
spaced from the bowl, forming annular 
pockets for centrifugally retaining banks 
of discharged material opposed the ori?ces 
to variably obstruct the ?ow therethrough; 
means for directing a plurality of angularly 
spaced jets upwardly and outwardly under 
the skirts against each ‘of said banks where 
by material may be washed downwardly 
from the banks to be centrifugally thrown 
from the skirt bottoms; and a housing sur 
rounding the bowl having interior circum 
ferential pockets respectively adapted to 
catch material-thrown off from the skirts; 
said jets being positioned in such manner 
that each is adapted to cooperate with ‘the 
preceding jet of its series by preventing dis 
lodged material from being centrifugally 
returned to its bank; and the housing pock 
ets being sub-divided by radial partitions 
adjacent the respective jets. ‘ 

10. A centrifugal separator comprising; 
a rotatable bowl in the form of an inverted 
truncated cone having a circumferentially 
ri?led interior surface, arcuate ori?ces be 
tween the ri?les, discharge openings at its 
upper extremity, and a tubular journal 
through which material may be introduced; 
rings on the outside of the bowl ‘having 
downwardly and inwardly directed skirts 
spaced from the bowl, forming annular 
pockets for centrifugally retaining banks of 
discharged material opposed the ori?ces to 
variably obstruct the flow therethrough; 
means for directin a plurality of angularly 
spaced jets upwargdly and outwardly under 
the skirts against each of said banks where 

by material may be washed downwardly 
from the banks to be centrifugally thrown 
from the skirt bottoms; a housing surround 
ing the bowl having interior circumferential 
pockets respectively adapted ‘tocatch ma 
terial thrown off from the skirts, and ra 
dial partitions adjacent the respective jets 
subdividing the housing pockets; and means 
for separately discharging the contents of 
said subdivided pockets; said jets being po 
sitioned in such manner that each is adapt 
ed to cooperate with the preceding jet of its 
series by preventing dislodged material 
from being centrifugally returned to its 
bank, and the direction‘ of the jets being 
adjustable with respect to the direction of 
motion of the banks. 

11. In a device of the character described, 
rotatable nozzle supporting members; and 
independently rotatable and longitudinally 
slidable nozzles eccentrically mounted upon 
said members; said ‘nozzles having genicu 
late discharge ends, and the axes of said 
nplzples and supporting members being par 
a e . 

12. In a device of the character described; 
a cellular ?uid header; closed-end rotatable 
tubes piercing the cell Walls of the header 
and perforated within the cells; and smaller 
intermediately perforated nozzle tubes ex 
tending longitudinally through the'?rst. said 
tubes and eccentrically piercing the ends 
thereof; said nozzle tubes having closed 
outer ends, geniculate discharge ends, and 
being independently rotatable. ' 

13. In a device of the character described; 
a cellular ?uid header having valves for 
independently regulating the flow of ?uid 
into the cells thereof; closed end rotatable 
tubes piercing the cell walls of the header 
and perforated within the cells; and smaller 
intermediately perforated nozzle tubes ex 
tending longitudinally through the ?rst said 
tubes, parallel to the axes thereof, and ec 
centrically piercing both ends of the ?rst 
said tubes; said nozzle tubes having closed 
outer ends, geniculate discharge ends, and 
being, independently rotatable and longi 
tudinally slidable. ' 
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