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1 Claim. 

This invention relates to a method of separat 
ing materials having a differential specific gravity 
and more particularly to an improved method of 
and apparatus for centrifuging. 

In the typical bowl centrifuge now employed 
the material to be concentrated or clarified is fed 
in and carried to the periphery of the bowl Where 
stratification obtains. The strata are then With 
d'aWn at a relatively high velocity through out 
lets at the end of the bowl. Considered more 
Specifically, the prior types of centrifugal sepa 
ratorS comprise essentialy a container of rela 
tively great capacity rotating at a great speed 
and tWo ormore eductors of relatively Small di 
mensions as compared to the volumetric capacity 
of the boWl th'ough Which the Segregated phases 
or components of the treated massare discharged 
at high Velocity. 
The efficiency of the separation or clarifica 

tion depends upon a number of factors, many of 
Which have been recognized, and based upon Such 
recognitions, improvements have been Suggested. 
Thus Such desiderata as high peripheral Speed, 
boWl length to diameter ratiOS and similar struc 
tural correlations have been eXpressed and 
Sought. 
A factor of Salient importance, toWard the 

a chievement of Which little advance has been 
made, is the increased efficiency attainable by 
prolonging the detention period of the treated 
mass Within the bowl. It is clear, upon a con 
sideration of the structure and operation of the 
prior devices, that the detention period is Very 
small and much less than that attainable from 
a machine of a given volumetric capacity. The 
typical machine comprises substantially an Open 
bowl into one end of Which the material to be 
treated is admitted and from the other end of 
Which the segregated components or phases are 
WithdraWn at high velocity. Theoretically, the 
movement of the severalphases is radial, that 
is to say the heavier constituent is presumed to 
move radially outWardly toWard the periphery 
and the lighter constituenti, being displaced by 
the heavier, to move radially inwardly; at the 
same time the body of liquor is assumed to move 
axially across the bowl at a velocity proportional 
to the quantity fed and the inverse of the cross 
section. At one extreme end, the two phases are 
WithdraWn through apertures Which are Very 
Small With respect to the Volume of material. AS 
a result the efflux velocities are relatively high. 
These high velocity streams tend to induce a 
similar direction of flow of the mass Within the 
bowl, and the actual direction of floW of a con 

(CI, 233-21) 
siderable quantum of the mass is the resultant of 
this influence. In the priorart devices the heavier 
constituent has had to flow around a dividing 
baffle of a diameter larger than the diameter of 
the dividing ring of the constituents. The effect 
of this baffle was to more or less minimize the 
effect of the heavier component draw-off cur 
rents, although not placed there for this purpOSe. 
The lighter components hoWever had immediate 
access to the relatively small aperture and the 
currents set up carried a considerable portion 
of the body of the liquor along With it, causing 
diagonal flow instead of radial, decreasing the 
effective cross section of movement thru the bowl, 
increasing the velocity and concomitantly de 
creasing the detention time, separating utility, 
and efficiency. 
I have found that improved separation may be 

secured in a centrifuge of any given capacity by 
modifying the direction of flow of the Stock being 
treated and correlating this with a special method 
of Withdrawing the stratified constituents. 

It is a major object of the present invention, 
therefore, to provide an improved method of 
centrifugal separation. 
Another object is to provide a novel type of 

centrifuge. 
A further object is to increase the retention 

period of treated stock in a centrifuge of any 
given capacity. 
Yet another object is to increase the aXial 

component of the body of the liquor in a centri 
fuge of a given capacity and Speed. 
Yet another object is to increase the radial 

component of movement of a light liquid phase in 
a centrifuge of a given capacity and Speed. 
With these and other equally important and 

related objects in View, the invention compre 
hends the concept of establishing in a Zone of the 
centrifuge a volume of material in Which forces 
tendingto deflect the flow of the body of the liquid 
from an axial path are neutralized. In effectuat 
ing this concept the material to be treated is con 
strained to follow a special path of movement and 
the separated constituents are WithdraWn in a 
special manner designed to largely minimize Or 
eliminate the induction effect of a high velocity 
effiux. This is achieved by establishing a series 
of defiectors or bafflers Within the centrifuge and 
correlating these With a novel axiali light liquor 
draw-off extending relatively deeplyinto the body 
of the material. 
In order to more clearly explain the underlying 

principles of the invention, typical physical em 

5 

10 

15 

20 

30 

40 

45 

50 

55 



2 
bodimentS are shown in the accompanying draW 
ings, in Which: 

Figure 1 is a longitudinal Section through a 
centrifuge constructed according to the inven 

5 tion. 
Fig. 2 is a cross Section taken on line 2-2 of 

Fig. 1. 
Fig. 3 is a Section taken on line 3-3 of Fig. 4 

Cf another form of centrifuge. 
Fig. 4.is a cross, section of the device Shown in 

Fig. 3. 
Fig. 5 is a longitudinal Section of a further mod 

ification. 
Fig. 6 is a croSS section on line 6-6 of Fig. 5. 
Fig. 7 is a ShoWing in diagrammatic forin of 

yet another modification. 

0 

5 

Fig. 8 is a cross section taken on line 8-8 of 
Fig. 7. 

Fig. 9 is an enlarged detail of one of the aXial 
20 launders shown in Fig. 7. ; i x - 

Fig. 10, is an en larged detail of the launder ad 
justment. 

In carrying out the improved method, a Wide 
Variety of centrifuges of Specifically different de 

25 signmay be utilized. As Will be observed more 
fully nereinafter, the Several deVices ShoWn 1n. 
thedra WingSare designed to carry Out the neW 
method Which involves the Salienti features of 
Speciali conformation of the path of the liquid 

30 undergoing; treatment coupled with a novel type 
of deep axial Withdrawall of the light and/or heavy 
fraction or constituents. In order to simplify 
thedra Wings, certain of the conventional parts of 
a centrifuge, such for example as the receiver 

35 or, cover, transmission or driving mechanism and 
the-like, have been illustrated diagrammatically, 
these features being Well understood by thOSe 
Skilled in the art and being largely a matter of 
design. 
The improved method of separation may be 

effectuated by a machine having the essential 
characteristics of that Shown in Fig. 1. Such 
rmachine nay comprise a casing i provided With 
an integral or separate base plate 2 and an in 
tegral or separate receiver orº cover 3. The re 
ceiver, in the usual manner, iSprOVided With pas 
Sages 4 and 5 for the Separated light and heavy 
GonstituentS reSpectively. Eductor conduitS 4' 
and 5 communicate With these passages. 

Mounted concentrically Within the casing is 
tine bowlishell 6.. This is connected to the driving 
Shaft 7. Suitably journaled for rotative movement 
as for example in the bearings 8 and 9. Such 
bearingS may be of any Suitable design and loca 
tion: The Shaft is adapted to be connected to 
a, motor as by the pulley l'8 and belt i . Obvi 
ously any suitable poWer source and transmission 
nechanismare contemplated. 
The bowi may be of any desired configuration 

and relative dimensions. That shown is rectan 
gular in cross section, including the bottom 2, 
integral side walls and top 4. The top plate 4 
terminates in the dam or Weir 5, positioned 
closey adiacent the circular paSSage 5. 

5 be understood that the dam i5 may be a detach 
able member and that other members having a 
different internal diameter may be Substituted So 
as to Vary the Size of the Weir Outlet to Secure 
the proper liquid balance for any particular fluids 
undergoing treatment, The bottom of the pas 
Sageway 5is Spaced a sufficient distance from the 
top of the rotorto provide operative tolerance. 

Suitably positioned Within the bowliS tubular 
member 6: This extends downwardly Well into 
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the bottom. Attached to the bottom of the tube 
16 is a deflector ring or baffile plate 7. This is 
detachably Secured to the tube by any suitable 
means and is adapted to be moved vertically on 
the tube and to be locked in any predetermined 
position of adjustment. The baffle 7, as shown, 
is of considerable diameter, being spaced from and 
extending substantially parallel to the bottom of 
the rotor and terminating adiacent the side wall 
3 of the rotor. The baffle may be Secured to the 

side Walls at Spaced points as by suitable, spiders 
O' WebS (not ShoWn). 

Similarly, at its upper portion the tube 6 car 
ries the upper baffle ring 8. This is detachably 
mounted On the tube and iS novable longitudi 
nally of the tube so as to be adjusted and locked 
in any optionally Selected position of adjustment. 
The plate : 8 and lower baffle il may be Suitably 
attached to the bowl at Spaced pointS. The tube 
Gand bafiles thUS rotate With the bowl. 
The siphon feed line i 9 includes a pipe 20 ex 

tending downwardly through the tube 16 and ter 
minates in an outWardly flanged discharge nozzle 
20' adiacent the conal projection 2' of the rotor. 
This a SSociation of the cone 2' and the Similarly 
conformed discharge nozzle tends to prevent 
frothing and deflects the feed in a Smooth stream 
radialy Outwardly. The nozzle 20' may be 
mounted for axial adjustment on the tube 20. so 
as to establish and maintain the optimum condi 
tions of fioW for a given installation. 
AS indicated hereinbefore, means are provided 

for WithdraWing the lighter constituents in a 
novel manner. As shown in Fig. 1, Such, 
means compriSeS a channel or Series of channelS. 
extending Well down into the rotor, and hence, 
into the body of liquid undergoing treatment. 
Into Such channels the lighter Segregated fra c 
tion decants or floWS and passes therethrough to 
the passage 4. The specific construction Which 
inSureS. Such a controlled directional filoW may 
comprise tWo ormore launders 2 positioned con 
centrically of the rotor and detachably Secured 
to the upper and/or loWer baffiles 8 and 7. Such 
launders in effect comprise axial channels and, 
as shown, may consist of tubes having a relatively 
enlarged opening 22 Which opening extends sub 
Stantially the full-length of the launder. The 
loWer end of the la Under closed off at 2 l' is 
Secured to the baffle 7 and the upper section 5 
passes through the baffle 8 and terminates above 
the dam 5 and adiacent the light liquor passage 
Way" . Liquid flowing upwardly through the 
launders thus discharge into the passage 4 and 
are WithdraWn through discharge outlet 4'. 
This type of structure differs in major partic 

ulars from the usual type of centrifuge. In the 
atter, light and heavy liquor discharges are po 
Sitioned at the upper end of the rotor and consist 
essentially of Small apertures. Through Such 
apertures the separated phaSeS nove With high 
Velocity. AS a result of Such a constricted open 
ing, there exists a differential velocity of a liquid 
phase along an aXial and diagonal path and the 
highest Velocity is at the confluence of these 
paths; namely, the dam or Weir. The area be 
loW. Such Weirthus constitutes a vena contracta 
and the liquid in the body of the bowl moves in 
from all Sides along curved stream lines. These 
curved stream lines extend generally diagonally 
outWardly from the Weir toward the Wall of the 
rotor, that is to Say, toward the heavy liquid layer 
and tends to induce or deflect some of the heavy 
liquidtoward the light liquid discharge opening. 
The, l'esult is the Setting up of currents Which : 
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2,083,809 
tend to deflect the body of liquid from an axial 
to a diagonal direction. Such diagonal path, 
being the shortest distance between the inlet of 
the liquid and the discharge Opening, correSpOnd 
ingly decreases the retention period of the liquid 
in the rotor, increases the turbulence When qui 
escence is desired and increases the dead Or in 
active Space Within the rotor. - 
The floW of materials in the described deVicei 

1o markedly different. When the rotor is operated 
and the boWl is rotated, the liquid charge cOn 
tinuousy or intermittently admitted through 
inlet, pipe 20 tends to move outWardly underthe 
effect Of the centrifugal action. Due to the loWer 

5 baffile 7, the entire volume of material admitted 
is constrained immediately to move OutWardly to 
the peripheral zone adjacent the Wall 3. The 
loWer portion of the bowl, in Which closedend 
2' of the launder is located, then constitutes a 

20 relatively quiescent Zone in Which the liquid is 
submitted fully to centrifugal action and in Which 
Stratification is instituted. In other Words, the 
loWer section of the bowl forms a Zone of rela 
tively large diameter in Which the inverse radial 

25 CurrentS of the light and heavy componentS are 
instituited. The fioW of the body of liquor in 
this area is then quite loW, its Velocity being di 
minished On passing from the relatively con 
stricted area defined by the baffile i 7 and bottom 

30 of the rotCrto the enlarged Separating Zone. 
As the feed stock is continuously admitted it 

displaces the stock Within the rotor vertically 
upWardly at a predetermined rate depending on 
the dimensional characteristics of the rotor and 

35 fed pipe and the hydrostatic head in the pipe. 
Concomitantly, as explained, the heavierfraction 
is thrown toWard the periphery and the lighter 
fraction is displaced radially inwardly. The 
length of the closed launder Section 2 is corre 

40 lated With respect to the other factors, men 
tioned, as Well as the physical characteristics of 
the stock, to provide a sufficient height in the 
quiescent Zone to permit segregation or stratifi 
cation of the phases. After such stratification 

45 is instituted, it is of course maintained by the 
centrifugal force obtaining. Thereupon the 
light liquid fraction is WithdraWn through the 
axial channel and from above the area of Strati 
fication, that is to Say the area, above the Section 

50 2'. Due to the number and lengths of the 
launders, the effective Withdra Wal Weir length is 
large. The light liquor draWoff Which is the 
source of short circuiting and currents in the 
prior art is effected in a sloW, gentlemanner by 

55 allowing the light constituent to decant into these 
launderS. 
draWal is effected at a loW velocity, and due to 
construction described the light liquor floW Within 
the rotor is largely radial. 

60 The heavy liquor flows upwardly along the pe 
ripheral Zone and is then deflected laterally 
through the channel defined by the top of baffle 
8 and the upper portion of the rotor and is 

5 

thence discharged over the dam 5 into the spill 
65 way or receiving channel 5. The baffile 18 shields 

the light liquor stratum from any localizing cur 
rentS set up by the flow of heavy liquor through 
the Weir. It is likeWise to be observed that the 
aunder is so positioned that its open face is ad 

o jacent the inner wall of the rotor and hence 
permitS the maximum radial traVel for the light 
Stock. 

It Will thus be appreciated that the combina 
tion of the end baffles and the axia launders not 

5 only permits of the establishment of the loWer 

It Will be appreciated that Such With 

3 
separating zone in Which the effectiveness of the 
full radial fioW components are utilized, but also 
minimizes or eliminates the localizing currents 
and their undesirable concomitant; namely, a 
generally diagonal resultant floW and a loW de 
tention period of stock. 
The novel combination described, insures loW 

exit velocity of the light constituents. Similar 
ly, While the exit Velocity of the heavy liquOr 
may be quite high, as When a Small diametric 
Weiris employed, yet nevertheless, in leaving the 
effective separating Zone, its velocity is loW. Any 
localizing currentS in the Vena, contracta of the 
heavy liquor outletare screened from the domi 
nant mass or pool Within the bowl. 
The method effectuated by the apparatus there 

fore may be considered as the establishment of 
a relatively quiescent Zone in Which effective 
stratification takes place and the eXtenuation 
and maintenance of this quiescent Zone While 
WithdraWing the stratified or segregated liquid 
ComponentS. 

It Will be appreciated that Within the scope 
of the major concepts of the invention, a Wide 
Variety of mechanical ramifications are permis 
sible. The process may be carried out, for ex 
ample, in a centrifuge equipped for counter cur 
rent Washing or for the introduction of any Sec 
ond body of liquid for Whatever purpose. Such 
a type of apparatus is eSSentially Similar to the 
deVice shoWn in Fig. 3. It may comprise the cas 
ing 30 in the upper portion of Which is a re 
ceiver having the spillways 34 and 35 and liquid 
draWoffs 34' and 35'. This device is Similarly 
provided With the bowl 36 Suitably attached to 
or mounted On the driven shaft 37. This shaftis 
provided with appropriate bearings and is pref 
erably holloWto receive the Spaced inlet or feed 
line 38. A second feed line 39 extends down 
Wardly into the bowl and may be provided With 
a series of apertures 40 through Which the liq 
uid, Such as Wash Water, fioWS outWardly at any 
desired Velocity into the bowl in a direction gen 
erally counter-current to the flow of stock treat 
ed. This line may be connected to any suitable 
source of Supply . 
Within the rotor are mounted the baffleS 42 

and 43 and the axial launders 44. The loWer 
baffie 43, onits lower face, is formed with the 
deflecting cone 43' Which is aligned With and 
juxtaposed to the flared Outlet nozzle 38' Baffles 
42 and 43 are attached at spaced points to the 
Wall of the boWl so as to rotate therewith. 
The launders 44, as shown, are attached to 

the baffiles and held in spaced relation thereby, 
The launders may be attached to any Suitable 
member, as for example, to the removable bowl 
plate 45. The top of the bowl terminates in a 
dam or Weir 46 of any suitable adjustable con 
struction and over Which the separated heavier 
liquor floWS into the receiving channel 35. 
The upper ends of the launders 44, as shown, 

are of tubular formation and project through 
the plate 5 radially outWardly of the Weir and 
discharge their contents to the receiving chan 
nel 34. Such upper ends may be externally 
threaded to receive locking means, such as nuts 
47. The lower ends of the launders, like those 
of Fig. 1, are formed with closed tubular por 
tions 44' Which, as has been described, aid in 
establishing the loWer quiescent separating zone. 

It Will be noted that the upper section of the 
launder 44 may be of closed tubular construc 
tion and that Such sections may extend down to 
the baffle orto any predetermined position be 
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4 
low the baffle. With this type of construction, 
the floW of liquid through the launder has no in 
fluence on the heavy constituentflowing toward 
the Weir 46. 
The feedi tube, 39 may bei. Securely attached to 

the bafflesso as to rotate thereWith, by: provid 
ing a suitable coupling above the bowl or.it may 
be non-rotatably, mounted With the bowl by 
utilizing suitable packing glands in the manner 

10 Well knoWnto thOSe skilled in the art. 
The operation of this type of machine is es 

sentially similar to that shown in Fig. 1. The 
feed stock admitted through the line 38 is dis 
charged through the special nozzle 38' into the 

i5 bowl. By reason of the baffle 43, the liquidis 
constrained to flow outwardly toward the pe 
ripherythrough a relatively Small channel and 
thenenters the enlarged quiescent area, OfloW. 
fluid velocity, between the baffles. Atand above 

- 20 a predetermined height in this zone, defined 
by the top of closed laundersection 44' the light 
stratified liquor is WithdraWn at a relatively loW 
velocity along an axial path, and is discharged 
into spillway. 34. The interface of thephases, 

25 in ordinary circumstances, is Within the plane 
of the baffiles and may be considered to be ap 
proximately at the line A. Heavy liquor passes 
upWardly between the inner Wall of the rotor 
and the baffle 42 thence along the relatively en 

i 30 larged channel comprehended between the upper 
Surface of baffle 42 and the lower Surface of cover 
45, and is discharged thence over the Weir 46 
into the spillway 35. 
I Wash liquor or a third phase such as a brine 

35 may be charged through pipe 39. This passes 
through the apertures 40 and moves radially 
outWardlyinto the bowl intimately mixing With 

5 

the material within the bowl and then discharges. 
through the heavy or light liquor draWoffs de 

40 pending on its specific gravity relative to that 
of the Other component or componentS. 

It Will be appreciated that With the described 
type of operation a clear cut separation of com 
ponentS is permissible. In many, circumstanceS 

45 as where a particular machine is employed to 
treat a number of specifically different mate 
rials, it is desirable to make the axial launder 
adjustable with respectto its distance from the: 
axis of rotation or the interface of the segre 

50 gated phases. This mayreadily be done asshown 
in Figs. 5 and 10 by so mounting the launders in 
the baffles that they may be moVedi radially in 
Wardly or outWardly Within predetermined limits. 

Again, it Will be appreciated that the improved 
55 method of centrifuging may be carried out in 

machines having outlets at each end of the ma 
chine, a typical example of Whichis shown, in 
Fig. 5. 
As shown, this may comprise a casing 60 pro 

Vided With the rennovable cover 6: The Cover 
6 hasa, central boss portion 6' Which servesto 
rigidly mount and hold the feed, pipe 62. The 
upper and lower sections of the casing. 6) are so. 
formedas to provide receivers for the heavy and 
light liquid. phases respectively. Nearitstop, the: 
casingis provided With the plate member 63 which 
is Substantially parallel to the upper surface. of. 
the bowl. This plate section terminates in aspill 
Way or trough 64 Which may be provided With 
Outlets for the separated heavy liquid in theman 
ner Well known to thOSe Skilled inthie art. Sim 
ilarly, the lower portion of the casing is formed 
With a plate 63. At one end, this is conformed. 
into the trough Section 65 from Which the sepa 

75rated:light liquid may be withdrawn through 
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suitable: outlets. The plate 63' terminates closely 
adjacent the axis of the machine and Subjacent 
the axial draWoffs: The inner portion of the plate 
63 may be made detacinable soasto facilitate ad 
justments to be described hereinafter. 
The: bowl. 66 is Suitablymounted for rotation 

upon-the:shaft 6 asby means of the elongated 
boSS 68. The end of the Shaft 67 is of conoidal 
forn'SocaS:to prevent frothing of the feed in the 
mannerº described hereinbefore. AS in the de 
vices hereinbefore described, the bowl is pro 
Vided With the upper baffile 70 and lower baffle ?. 
The upper baffeis provided With a central aper 
ture through Whichthe feed line 62 projects. If 
desired, the aperture may be provided With a 
packing gland So aS to prevent novement of fluid 
from the body of the bowl lupWardly toWards the 
upper outlet, The baffle 70 is attached to the Wall 
of the bowlat. Spaced points So aS to be rigidly 
secured thereto. Similarly, the lower baffile 7 
is attached to the bowl asby means of Web ex 
tensions at Spaced...points throughout its circum 
ference, 
As shown, particularly in Figs. 5 and 10, the 

upper baffle is tapped and internally threaded 
as at: 72 to receive the plug 73. At its upper sur 
face, this plugis provided With two ormore holes 
73' for the insertion of a suitable toolby means of 
Whichthieplug may be rotated in its Socket. The 
lower. face: of the plug is bored or tapped to pro 
Vide a circular Socket 74 Which is eccentric With 
respect to the Outer circumference. Into this 
socket is fitted the tubular end of the axial 
alnder 5. 
The: lower.baffle 7 is similarlybored and inter 

nally threaded as at 76, and into this is Screwed 
the correspondingly threaded sleeve 77. The low 
er eXtreme end of the launder 5 is threaded aS 
at 73:to screw partWay into sleeve 77 and to re 
ceive the locking, means 79 Whereby, the launder 
islocked in position. 
The central channel Or interior of the Sleeve 

76 is: eccentric With respect to the Outer circum 
ference ASWillbeseen in Fig. 5, the sleeve T6 
engagesboth the baffle T and the bottom por 
tion of the bowl With a Screw threaded locking 
engagement. In assembling the apparatus, the 
aXiallaunder 75is forced upwardly through the 
sleeve 76until the upper end nestS firmly Within 
the socket of the upper plug 73. The locking nut 
79, is then, screwed on to lock the launder, in its 
assembled position. 

If it is desired to adjust the launder radially 
of the basket, the plug 73 and sleeve 76 are rotated 
about their aXes. Due to the position of the 
launder in the plug and sleeve, this latter is 
mOVed readilyinwardy or outWardly of the bowl. 
Sucha, type. of adjustment is advisable in cir 
Cumstances Where a Wide variety of different ma 
terials are to be treated in a single machine. 

It.Will be observed that the operation of this 
type of machine is essentially the same as those 
aliready described. The feed Stock is introduced 
through the inlet line 62 and passes thence under 
the baffield to the main quiescent Zone of the 
basket. In the Iower section of the basket, that 
is to Say, the portion defined by the tubular sec 
tion 75 of the launder, direct radial movement and 
stratification of the phases takes place. Above 
Such, area, the light, component decants into the 
aXial launder and flowing downwardy, is dis 
charged into the spillway or trough 65. The 
heavy liquidi passes axiallyupwardly through the 
bowlandisi discharged over the weir 8. It will 
be: understood that the dam may be made de 
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6 2,083,809 
ship to the lower end of the bowl and closely ad 
jacent thereto, a feed line discharging into the 
Space between the baffle and the bowl; a Second 
baffle positioned closely adiacent theupper end of 
the bowl and defining thereWith a draw off cham 
nel for the heavier constituent of the maSSbeing 
treated; an axiali launder mounted in the loWer 
baffile and extending through and beyond the 

upper baffle, the launderbeing open to the liquid 
throughout a greater portion of its length but 
being closed for a predetermined distance ad 
jacent the loWer baffleto establish With a bafie a 
relatively quiescent area Where stratification takes 5 
place. 

ABRAHAMBASCE. 


