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CONTINUOUS FLOW CENTRIFUGE APPARATUS 

AND ROTOR THEREFGR 
Edward G. Pickels, Atherton, and Richard C. Stalhnan, 
San Carios, Cali?, assignors to Beckman Instruments, 
Inc., a corporation of Caiifornia 

Filed Apr. 7, 1959, Ser. No. 804,609 
5 Claims. (tCl. 233--32) 

The present invention relates generally to a centrifuge 
apparatus and more particularly toa continuous?ow cen 
trifuge apparatus and rotor therefor. ' _ ‘p 

This application is ‘a continuation-in-part of our co 
pending application Serial No. 732,617, ?led May 2, 1958, 
now abandoned. '_ ' 

In prior art continuous ?ow centrifuge apparatus the 
same to be separated is applied to rotors and‘ is ‘allowed 
to spill out of the separating ‘chamber of the rotor into a 
collecting chamber from which the's'ample is removed by 
gravitational ‘forces. The centrifugal forces cause the 
sample to attain relatively high velocities as it spills over 
into the collecting chamber. The ‘result is that the sample 
breaks up into ?ne droplets which present a large com 
bined surface area to the surrounding atmosphere; froth 
ing, aerating, and denaturation of proteinaceous materials 
results. ‘ .. ' 

In prior art apparatus having ?exibly mounted rotors, 
it is di?’icult to control the atmosphere within the vcentri 
fuge and to prevent bacterial contamination of the con 
tents of the rotor. Prior art continuous ?ow rotors have 
a relatively large hold-up VOlurne making it impractical 
to operate upon small volumes of samples. 
To resuspend the sediment which is collected in the 

prior art rotor surfaces during a separation is di?icult. It 
often involves manual scraping of the collecting surfaces. 

It is a general object of the present invention to provide 
an improved continuous ?ow centrifuge ‘apparatus and 
rotor therefor. 

It is another object of the present invention to provide 
a continuous ?ow centrifuge apparatus and rotor therefor 
in which frothing, aeration and denaturation of protein 
aceous materials is minimized. _ 

It is a further‘ object of the present invention to provide 
a continuous ?ow'centrifuge apparatus which includes 
novel means for feeding the sample through the rotor and 
removing the sample from the rotor. 

It is still a further object of the present invention to 
provide a continuous ?ow centrifuge rotor which has a 
separating chamber with a releasable core disposed there 
in so that the rotor has a separation chamber which is 
located at a distance from the axis of rotation whereby 
samples are subjected to large centrifugal forces. Yet the 
separation chamber has a relatively low hold-up volume. 
The core is releasable to resuspend the sediment. 

These and other objects of the invention will become 
more clearly apparent from the following description 
when taken in conjunction with the accompanying draw 
mg. 

Referring to the drawing: 
FIGURE 1 is a side elevational view, partly in section, 

showing continuous ?ow centrifuge apparatus in accord 
ance with the invention; 
FIGURE 2 is an enlarged sectional view showing a con 

tinuous ?ow centrifuge rotor assembly and sample feed 
ing and removing system; . 
FIGURE 3 is a sectional view taken along the line 

3-—3 of FIGURE 2; 
FIGURE 4 is a sectional view taken along the line 4-4 

of FIGURE ,2; I 

FIGURE 5 is a sectional view taken along the line 5—5 
of FIGURE 2; 
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2 
FIGURE 6 is a view schematically illustrating the ?ow 

of sample through the centrifuge rotor; 
FIGURE 7 is a plan view of the sample feed and re 

moval assembly support shown in FIGURE 2; 
FIGURE 8 is a sectional view showing the rotor core 

released for resuspension of sediment; 
FIGURE 9 shows the rotor mounted on a roller as 

sembly for rolling the rotor t0 resuspend sediment; and 
FIGURE 10 is an enlarged elevational view of a nut 

having a cut-away ?ange employed to hold the core posi 
tioning sleeve. 
A centrifuge apparatus including an outer housing 11 

which encloses the working parts is illustrated in FIG 
URE 1. The top of the housing is provided with an 
opening '12 through which the rotor 13 may be passed for 
mounting on the drive shaft, as will be presently described. 
A sliding door 14 having alouvered opening 16 serves to 
close the opening 12 and provide access to the rotor cham 
ber 15, to be presently described. The door 14 is pro 
vided with spaced rollers 17 which ride in spaced channels 
18 secured to the sides of the housing 11. A latch mech 
anism (not shown) works in conjunction with controls 
(not shown) to releasably lock the door whereby it may 
be opened to install or remove a rotor from the rotor 
chamber 15. The louvered opening allows air to cir 
culate through the rotor chamber, as will be presently 
described. ' 

Theside walls of the rotor chamber are formed by a 
cylindrical member 19. The member 19 is made of rel 
atively strong material and acts as a guard in the event 
of breakage or explosion of the rotor under the strains 
occasioned at the relatively high operating speeds at which 
it is operated. The louvers 21 carried in the louvered 
opening are slanted so that if breakage should occur, the 
pieces will not ?y out of the chamber 115 and injure an 
operator. 
The cylindrical member 19 is supported on a base 23 

by a plurality of pins 24 secured to the bottom of the 
cylinder and to the base. The pins 24 serve to hold the 
bottom edge of the cylinder 19 spaced from the base 23 
whereby air may circulate through the space between the 
cylinder 19 and the base 23. As the rotor 13 is rotated 
at relatively high velocity, it acts as a centrifugal pump 
pumping ‘air outwardly through the space between the 
cylinder 19 and base 23. Air is continuously replenished 
through the opening 16 formed in the door 14. 
The rotor 13, to be presently described in detail, is 

~m‘ounted on the end of a ?exible drive shaft 26. The 
lower end of the shaft is journalled in an oil ?lled bearing 
assembly 27. The bearing assembly is supported by the 
brackets 28 which extend downwardly from the base 23. 
A replaceable drive gear 29 is mounted at the lower end 
of the ?exible shaft 26. The drive gear 29 is driven by 
a drive belt 31 which engages the driving pulley 32 of 
the motor 33. The motor is suitably mounted by brackets 
34 to the base 23. 
A removable plate 35 is carried onv the bottom of the ' 

rotor chamber to provide access to ‘the drive gear 29. 
The drive gear and drive belt 31 are changed to operate 
the rotor at different speeds. Apparatus in accordance 
with the foregoing is described in detail in Patent No. 
2,878,992, dated March 24, 1959. 
A sample feed and removal assembly 41 is supported 

by an arm 42 mounted on an adjust-able post assembly 
43 to be presently described in detail. A slot 44 is 
formed in the front edge of the door to accommodate 
.sample feed tube 46 and sample removing tube 47 con 
nected to the sample feed and removal assembly 41, 
to be presently described in detail. The assembly 41 is 

and the rotor 13 rotates 
with respect thereto. ‘A suitable ‘sealing means 48, to 
be presently described in detail, may be employed to 
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permit provision of an inert atmosphere to the rotor in 
terior. 
A rotor, sample feed and removal assembly, and sup 

port assembly are illustrated in detail in the enlarged 
sectional view, FIGURE 2. The rotor 13 includes a 
bowl 51 having cylindrical sides 52, a closed bottom 
53, and an open top adapted to threadably receive a 
cover or lid 54. Recesses 56 and 57 are provided for 
receiving the pins of a spanner wrench for holding the 
rotor against rotation as the lid or cover is threaded to 
the upper portion of the bowl. An O-ring 58 rides 
against the shoulder 59 formed at the upper end of the 
inner surface of wall 52 to form a seal between the 
lid 54 and bowl 51. A mounting member 61 is formed 
integral with the bottom of the bowl and extends up 
wardly into the bowl. The mounting member 61 includes 
an axial opening 62 adapted to receive the upper (head) 
end of the driving shaft 26. A pair of spaced pins 63 
are carried by the mounting member 61 and are adapted 
to seat in accommodating recesses (notshown) formed 
on the head of the shaft to provide a positive drive be~ 
tween the driving shaft and the rotor. 
As described thus far, the rotor includes a relatively 

large chamber de?ned by the walls 52,.lid 54 andmount 
ing member 61. A core '66 is placed in the chamber 
and occupies a large percentage of the volume of the 
chamber. The core 66 is cylindrical and may include 
spaced longitudinal grooves 67 formed in the outer sur 
face 68. The diameter of the core is less than the di 
ameter of the interior cylindrical surface 69 of the'walls 
52 so that a small separating chamber .70 is formed. 
The outside surface and the upper and lower surfaces 
may be provided with a plurality of slots or grooves ‘for 
feeding the sample to the separating chamber 70. By 
employing different cores 66, it is possible to ‘form sepa 
rating chambers of any desired volume. 
The core 66 includes a central opening 71 which has 

a diameter greater than the diameter of the mounting 
member 61. A sleeve 72 is removably disposed be 
tween the opening 71 and the member 61. An O-ring 
73 may be carried in a circumferential groove 74 formed 
in the mounting member 61 to assure a relatively good 
?t between the interior surface of the sleeve 72 and the 
member. The outer surface of the sleeve is provided 
with a groove 75 which accommodates an O-ring 75a. 
The O-ring rides against the inner surface 71 of the 
opening formed in the core 66 and forms a seal between 
the exterior surface of the sleeve and the interior surface 
of the core. The sleeve is provided with one or more 
longitudinal slots 76 which form ?uid passages. The 
sleeve includes a rim 77 which in conjunction with the 
wall portions and the upper surface of the mounting 
means 61 forms a ?uid sample feed chamber 78 adapted 
to receive the sample to be operated upon. The rim 77 
de?nes a central opening 79 through which the feed tube 
81, to be presently described, passes to extend into the 
chamber 78. 
The upper end of the sleeve 72 is provided with a 

second groove 82 which receives the spaced portions 83 
of a cutaway ?ange formed on a nut 84. The nut is 
threadably received by the lid or cover 54. The nut 
may be of the type shown in FIGURE 10. The sleeve 
72 may be moved diametrically in and out of the nut. 
The sleeve is mounted in the nut and the assembly low 
ered into the rotor to center the core 66. The lower 
edge of the nut is accommodated in the circumferential 
shoulder 87 formed in the core 66. The nut 84 is pro 
vided with recesses 88 adapted to receive the pins of a 
spanner wrench. A groove 89 receives an O-ring 91 
which forms a seal between the nut and the upper sur 
face of the lid 54. ‘ 
A sample removal chamber 93 is formed between the 

rim of the sleeve 72 and the interior of the nut 84. A 
plurality of openings 94 provides communication be 
'tween the chamber 93 and the channels 96 formed on 
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grooves communicate 
' URES 2 and 4) formed in the sleeve. It is observed that 
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the upper surface of the core 66. A suitable pump 100 
is carried within the sample removal chamber 93 and 
serves to pump sample from the chamber upwardly 
through the annular space formed between the tube 81 
and the tubular portion 102 of the pump 100. The 
sample ?ows outwardly through the outlet 103 which is 
associated with the sample removal tube 47. The tubu 
lar portion102 is carried within a head 105 and is held 
in place by an O-ring 104 carried in an internal groove 
106. 
The pump includes .a pair of spaced discs 107 and 

108. The area between the discs communicates with the 
annular space through a plurality of openings 111, clearly 
‘illustrated in ‘FIGURE 3. The pump operates in the 
following manner: The rotor is rotating at relatively high 
velocities, and as a result, the sample within the rotor 
is urged outwardly by centrifugal forces. It rides against 
the outer wall of 'the chamber '93 and forms a vertical 
wall of?uid, illustrated at 116 in FIGURES 2 and 6. 
The rotational velocity, of the fluid between the plates 
107 and 108 .is reduced by vits frictional engagement 
with the plates. Consequently, the centrifugal force and 
accompanying .pressure is reduced in this area. The high 
pressure exerted by the remainder of the ?uid in the 
chamber v93, which ?uid is at 'full rotor rotational ve— 
locity, forces the sample inward between the plates 
through the openings formed in the pump and upwardly 
through the annular opening formed between the tube 
81 and the tubular portion 102. 
The core con?guration is more clearly illustrated in 

FIGURES 3, 4 and v5. Referring to FIGURE 3, the up 
per surface of the core includes a plurality of radial 
grooves 96 which communicate with longitudinal grooves 
67 formed on theperiphery ofthe core. Preferably, the 

122 and 

123 (FIGURE 2) and relatively deep in the central por 
tion 124 of the .core. Components with a negative sedi 
mentation ratewill then ?ow towards the center of the 
rotor and be collected within the central portion of the 
slot 124. The end portions 122 and 123 will act as a 
dam to retain the sediment. The lower portions of the 
slots connect to shallow radial grooves 126 (FIGURES 
.2 and 5) formed on the bottom of the rotor. These 

with the grooves or slots 76 (FIG 

may be formed and that the 
sizes of the radial grooves 126, longitudinal grooves 67, 
and radial grooves 96 may be varied to accommodate dif 
ferent types of ?uids and different feed rates. 
A core of the type illustrated which includes a plu 

rality of longitudinal grooves is preferable to a core 
which has a cylindrical outer surface. By employing a 
grooved core of the type illustrated, larger volumes may 
be accommodated with minimum rotational slippage of 
?uid in the separating chamber. The separating cham 
ber is essentially broken up into a plurality of small lon 
gitudinal chambers in which circumferential ?ow or slip 
page of the sample is limited. 

‘Referring to FIGURE 6, the ?ow path of the fluid is 
more clearly illustrated. Thus, a sample to be separated 
is fed from the vessel 131 through the tube 46 into the 
?uid feed chamber 78. It is seen that the ?uid rides 
gently onto the vertical wall 132 formed by the ?uid in 
the feed chamber under the in?uence of the centrifugal 
forces. Agitation and aeration are minimized. The wall 
132 is formed by the centrifugal action of the rotating 
rotor. The ?uid feeds outwardly down along the grooves 
76 formed in the sleeve 72, outwardly along the grooves 
126 formed in the bottom of the core 66, upwardly in 
the separating chamber or chambers formed between the 
vertical wall of the bowl and the core, radially inward 
along the grooves 96, into the ?uid removal chamber 
where it forms a vertical wall 116 and is pumped up 
wardly and out through the tube 46 into the collecting 
vessel 133. 

any number of grooves 76 
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Centrifugal forces cause the ?ow of sample from the 
feed chamber across the bottom of the core upward in 
the separating chamber, and out into the ?uid removal 
chamber. This arises from the fact that where the sam 
ple is fed into the ?uid feed chamber, the vertical wall 
132 will have a smaller diameter than the wall 116 in 
the removal chamber, and as a result, there will ‘be a 
pressure difference which causes the ?uid to continuously 
flow through the rotor. This difference in head is present 
because of the frictional drag through the passages 96, 
126 and separating chamber 71}. The incoming ?uid dis-v 
places the “resident” ?uid in the rotor toward the re 
moval chamber 93. 
The feed and removal assembly is supported by the 

arm 42 shown in FIGURES 2 and 7. The arm includes 
a yoke 14.7 which is adapted to ride within the circum 
ferential groove 148 formed on the head 105. A clip 
149 is adapted to move forward and lock the head 105 
to-the yoke. A knurled screw 151 serves to lock the 
clip. The other end of the arm is provided with a col 
lar 152 which rides on the adjustable sleeve 153 carried 
in the post 43. A locking screw 154 serves to lock the 
arm to the sleeve 153. The sleeve 153 includes a lower 
threaded portion which receives a nut 155 to provide an 
adjustment of the height. The nut is adapted to lock 
against the upper surface of the post 43. A securing 
bolt 153 passes through the assembly and is received by 
the base 35. Locating pins 159 may be provided for 
locating the post. In centrifugal apparatus, heavy par 
ticles acted upon by the centrifugal forces settle out and 
are packed against the outer wall of the separating cham 
ber. It is then necessary to recover the sediment. One 
method which we have followed is to remove the nut 
84 and sleeve 72 at the end of a run and then to remove 
the remaining sample through the threaded opening 
formed in the lid 54. Fluid suitable for mixing with the 
sediment is then introduced into the rotor. The nut 84 
is then replaced. A suitable plug such as a cork 161 
is then placed in the opening formed in the nut to seal 
the rotor. 
The rotor is placed on its side with the central core 

member 66 riding against the lower surface. The sealed 
rotor is then placed on a rolling assembly which may 
be of the type schematically shown in FIGURE 9 which 
includes a driven roller 162. The roller 162 is driven 
from the motor 164 by a belt .163. An idler roller 165 
is provided for supporting the rotor. The two rollers 
are mounted on the spaced plates 167 and 168 which in 
clude spacing members 169 and 171. By energizing the 
motor 164, the roller 162 is caused to rotate and the 
rotor 13 is driven on the idler roller 165. The rotor is 
continuously rotated. As the roller rotates, the central 
core member 66 bears on the bottom surface and tends 
to roll inside the rotor bowl. The liquid in front of the 
core is pushed ahead of the rolling core. The turbulent 
liquid erodes the sediment and resuspends it. The core 
may also slip giving rise to a scraping action. 
As previously described, it is desirable in certain 

instances to provide an inert atmosphere to the interior 
of the rotor and to the sample being separated. An open 
ing 171 is provided in the head 105, FIGURE 2, which 
opening extends downwardly and communicates with the 
interior of the rotor. A sleeve 172 is carried loosely on 
the outer surface of the head 105 and is spring loaded 
by a spring 173 whereby the same is urged downwardly. 
The lower surface 174 of the sleeve rides against the 
upper surface of the nut and serves to provide a seal. 
If desired, a suitable diaphragm 176 may be provided to 
enclose the spring and sleeve and to further seal the 
members. The inert atmosphere is introduced through 
the opening 171 and is maintained at a pressure slightly 
above that of the surrounds. Thus, the gas continuously 
leaks out and prevents entrance of air into the interior. 
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We claim: 
1. A centrifuge rotor comprising a cylindrical bowl, 

a cover secured to the open end of said bowl, the interior 
surfaces of said bowl and cover forming a cylindrical 
chamber within the bowl, the outer surface of said cham 
ber having a predetermined ?rst radius, an axially disposed 
holding means extending into the chamber, a core disposed 
in said chamber, the outer periphery of said core de 
?ning a cylindrical surface of predetermined second radius 
less than the predetermined ?rst radius, said core includ 
ing an axial opening adapted to accommodate said axially 
disposed holding means, and a removable member nor 
mally disposed in the space between said axial opening 
and said holding means, said member having a minimum 
thickness which is greater than the difference between said 
?rst and second radii whereby upon removal of said mem 
her the outer surface of the core can ride against the sur 
face of the chamber. 

2. A centrifuge rotor as in claim 1 wherein means 
threadably received by said cover removably engage the 
upper end of the member to permit removal of the mem 
ber from the rotor. 

3. A centrifuge rotor comprising a bowl having a bot~ 
tom and a cylindrical wall, a cover secured to the upper 
end of the cylindrical wall to form a cylindrical chamber, 
an axially disposed mounting member extending upwardly 
from the bottom into the chamber, said member adapted 
to receive an associated driving means, a core disposed in 
said chamber, said core having a cylindrical outer surface 
and an axial opening, said cylindrical outer surface co 
operating with the cylindrical wall to form a vertical sepa 
rating chamber of predetermined thickness in the space be 
tween the outer surface of the core and the inside wall of 
the bowl, a removable sleeve having a minimum thickness 
greater than said predetermined thickness of the separat 

' ing chamber mounted about said axially disposed mount~ 
ing member and accommodated Within the axial opening 
of the core member to thereby normally maintain the core 
member coaxial within the bowl, means received by the 
cover extending into said chamber, the lower end of said 
means serving to removably engage the upper end of said 
removable sleeve to permit lifting of the sleeve from the 
rotor chamber to release the core so that it may ride 
against the wall of the separating chamber, a sample feed 
chamber disposed within the sleeve, a sample removal 
chamber disposed within the means received by the cover, 
means connecting the sample feed chamber to the bottom 
of the separating chamber, and means connecting the up 
per end of the separating chamber to the sample removal 
chamber. _ 

4. Apparatus as in claim 3 wherein said means con 
necting the sample feed chamber to the bottom of the 
vertical separating chamber comprises longitudinal grooves 
formed in the inner surface of the sleeve, and radial 
grooves formed on the bottom of the cylindrical core. 

5. Apparatus as in claim 3 wherein said means for re 
moving sample from the separating chamber comprises 
radial grooves formed in the top of the cylindrical core 
communicating between the separating chamber and the 
sample removal chamber. 
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