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e(54) Title: GAS DRIVEN SOLIDS DISCHARGE AND PUMPING PISTON FOR A CENTRIFUGAL SEPARATOR 

- (57) Abstract: A centrifugal separator includes a cylindrical bowl hav
- ing a conical lower end with an opening through which feed liquid is 

injected during a feed mode of operation. During the feed mode, solids 
separate from the feed liquid and accumulate along the inner surface of 

k74 the bowl as the bowl rotates at high speed. After accumulation of the 
solids, the rotation of the bowl is stopped and residual liquid is drained 
by gravity from the bowl. In a solids discharge mode of operation, a 
piston of a piston assembly is urged downward along a vertical axis in 
response to fluid such as compressed gas or hydraulic liquid. The down
ward movement of the piston forces accumulated solids from the bowl 

S rvia the opening in the conical lower end thereof . The solids pass from 
the bowl and into a passage leading to an outlet port, where the solids 
exit the separator.  
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GAS DRIVEN SOLIDS DISCHARGE AND PUMPING 
PISTON FOR A CENTRIFUGAL SEPARATOR 

BACKGROUND OF THE INVENTION 

5 Many different types of centrifugal separators are 

known for separating heterogeneous mixtures into components 

based on specific gravity. Typically, a heterogeneous 

mixture, which may also be referred to as feed material or 

liquid, is injected into a rotating bowl of a centrifugal 

10 separator. The rotating bowl spins at high speeds and 

forces components of the mixture that have a high specific 

gravity to separate therefrom by sedimentation. As a 

result, dense solids compress as a cake tightly against an 

inner surface or wall of the bowl and clarified liquid forms 

15 radially inward from the cake. The bowl may spin at speeds 

sufficient to produce forces 20,000 times greater than 

gravity so as to separate the solids from the centrate.  

As solids accumulate along the wall of the bowl, the 

clarified liquid exits from the bowl and leaves the 

20 separator as "centrate." Once it is determined that a 

desired amount of solids has accumulated, the separator is 

placed in a discharge mode in which the solids are removed 

from the separator. Often, for example, an internal scraper 

is engaged to scrape the solids from the walls of the bowl.  

25 Conventional separators have many shortcomings when 

discharging particular kinds of solids and liquids. For 

example, some separators may not be capable of completely 

discharging solids that are sticky, which can result in poor 

yields. A poor yield can be especially problematic for 

30 high-value solids such as those encountered in 

pharmaceutical processes. Traditional separators also 

subject a feed material to very high shear forces when 

accelerating the material to the rotational speed of the 
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bowl, which can damage, for example, sensitive chemical or 

biological substances such as intact cells.  

Still, other separators do not provide a convenient 

means by which to handle and recover sensitive solids. For 

5 example, an operator is commonly used to assist with solids 

discharge and recovery. Separators that require such 

operator intervention often suffer from contamination 

problems. Furthermore, some separators employ numerous 

mechanical components to facilitate solids recovery, which 

10 can affect separator durability. Such components are 

usually external to the separator or in the form of add-on 

equipment that poses both size and compatibility issues.  

Conventional separators also tend to be difficult to clean 

or sterilize without significantly increasing maintenance 

15 costs.  

It would be desirable to have a centrifugal separator 

that can be effectively used with solids of the type 

described above, namely, those that result in sticky 

accumulations or are sensitive to shear forces generated 

20 during centrifugation. It would also be useful to have a 

separator that can easily recover such solids without the 

possibility of external contamination or additional 

mechanical equipment. Such a separator should also be able 

to be conveniently cleaned or sterilized-in-place.  

25 

SUMMARY OF THE INVENTION 

In accordance with a first aspect of the present 

invention, a centrifugal separator is disclosed that 

performs well with sticky solids and exhibits low-shear 

30 acceleration of feed material. The separator can be 

particularly useful for sensitive solids such as chemical or 

biological substances. A separator according to an 

embodiment of the invention can recover sensitive solids, 

2500295 1 (GHMatters)2480465-4-(GHMatters) 7/12/10
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liquids, materials or combinations thereof without operator 

intervention or additional mechanical equipment. The 

separator can also be conveniently cleaned or sterilized-in

place.  

5 The separator may include a cylindrical bowl having a 

conical lower end with an opening through which feed 

material or liquid is injected during a feed mode of 

operation. As the bowl spins or rotates at a high speed, 

the injected feed liquid encounters a sloped surface of the 

10 conical lower end of the bowl. Rotational acceleration 

forces are imparted relatively gradually as the liquid 

continues its movement radially outward. Solids then 

separate from the feed liquid and accumulate along the inner 

surface of the bowl, for example, as a cake.  

15 Additionally, the separator may include a piston 

assembly disposed within the bowl in tight-fitting 

relationship with an inner surface thereof. The piston 

features an upper portion and a lower conical portion that 

are contacted by pneumatic or hydraulic pressure during 

20 different modes of separator operation. For example, in a 

solids discharge mode, fluid such as compressed gas or 

hydraulic liquid acts against the upper portion of the 

piston urging it axially downward to force accumulated 

solids from the bowl via the opening in the conical lower 

25 end thereof. Exemplary types of compressed gas for moving 

the piston include nitrogen and argon. Similarly, an 

exemplary hydraulic liquid for moving the piston in the bowl 

can include distilled water. In one embodiment, the lower 

end of the bowl and lower portion of the piston have 

30 complementary shapes to promote relatively complete 

discharge of solids. For example, the lower end of the bowl 

and lower portion of the piston can feature substantially 

frustoconical shapes.  

2500295 1 (GHMatters)2480466-1-(GNMames) 7/12/10
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For a separator of the invention, the piston may be 

held in an uppermost position during a feed mode of 

operation by hydraulic pressure from the feed liquid as well 

as frictional forces between one or more piston seals and 

5 the inner surface or wall of the bowl. Such seals can be 

disposed about the piston and adjacent to the inner surface 

of the bowl. The piston may include a centrate valve that 

can be urged open during the feed mode to permit the feed 

liquid, after solids have been separated therefrom, to flow 

10 out of the bowl as clarified liquid and into a centrate case 

having a passage leading to a centrate outlet port. As the 

piston is urged downward by fluid acting against the upper 

portion thereof during solids discharge, the centrate valve 

may automatically close to prevent accumulated solids from 

15 passing into the centrate case.  

With the piston held in its uppermost position, it is 

permitted to rotate with the bowl as high speed rotational 

separation of the solids from the feed liquid is performed.  

During the feed mode and solids separation, clarified liquid 

20 may exit the bowl and enters the centrate case. The 

centrate case may also include an isolation valve that may 

be urged open or closed by pneumatic or hydraulic pressure.  

For example, the isolation valve is open in the feed mode to 

allow clarified liquid to flow through the centrate outlet 

25 port and an open centrate outlet port valve to exit the 

separator as centrate. As the feed mode concludes, 

hydraulic pressure from the feed liquid is reduced such that 

the piston is held substantially in its uppermost position 

by frictional forces between one or more piston seals and 

30 the inner wall of the bowl as well as any solids accumulated 

within the bowl. When the feed mode of operation is 

complete, the bowl stops rotating and remaining or residual 

20295 1 GHMatters)2480466SZl (GHMatte6) 7/12/10
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liquid in the separator flows by gravity through the opening 

in the conical lower end thereof.  

The separator may also feature a divert assembly 

including a solids divert valve movably located below a 

5 rotatable residual divert valve when the residual divert 

valve is at the opening in the conical lower end of the 

bowl. As residual liquid drains from the bowl, the residual 

divert valve is in a closed position to permit the liquid to 

flow from the bowl and into a residual liquid drain passage.  

10 The liquid drain passage leads into a drain port, where 

residual liquid exits the separator. The solids discharge 

mode of operation can, for example, begin after the residual 

liquid has substantially drained from the separator bowl.  

In the solids discharge mode, a residual divert valve 

15 actuator rotates the residual divert valve to an open 

position such that the solids divert valve can be urged 

upward, by a solids divert piston, into communication with 

the opening in the bowl. The centrate outlet port valve is 

then closed and a solids outlet port valve for the divert 

20 assembly is opened. The isolation valve is also urged 

closed by fluid such as compressed gas or hydraulic liquid 

acting against an annular member associated with the 

isolation valve, which controls its actuation and movement.  

In addition, as described above, the piston is urged 

25 downward along a vertical axis during solids discharge by 

fluid acting against the upper portion thereof. The piston 

subsequently pushes or "pumps" accumulated solids from the 

bowl into a solids passage leading to a solids outlet port 

that features the open solids outlet port valve.  

30 In one embodiment, a solids discharge assembly for the 

separator features the piston movably disposed against the 

inner surface of the bowl. The piston can comprise an upper 

portion and a lower portion. The solids discharge assembly 

2500295 1 (OHMatters)2480465 (4MGUers) 7/12/10



can also feature a driving port operative for introducing 

fluid into the bowl above the upper portion of the piston.  

When fluid pressure in the bowl above the upper portion of 

the piston is increased relative to that below the lower 

5 portion of the piston, the piston moves within the bowl.  

For example, during solids discharge, introduction of fluid 

into the bowl above the upper portion of the piston can move 

the piston axially downward. Preferably, the piston is 

urged axially downward with respect to the bowl. As 

10 described above, during the solids discharge mode of 

operation, introduction of fluid into the bowl above its 

upper portion causes the piston to push solids accumulated 

along the inner surface of the bowl.  

The solids discharge assembly may also comprise a port 

15 operative for introducing fluid into the bowl below the 

lower portion of the piston. When fluid pressure in the 

bowl below the lower portion of the piston is increased 

relative to that above the upper portion of the piston, the 

piston moves within the bowl. For example, introduction of 

20 fluid into the bowl below the lower portion of the piston 

can cause the piston to move toward an upper end of the 

bowl. In another embodiment, the separator can also 

comprise a valve in an upper end region thereof, which is 

operable to enable pressurization of the bowl above the 

25 upper portion of the piston. Such a valve can be actuated 

in response to fluid pressure applied against an annular 

member operably associated therewith.  

In another embodiment, the separator of the invention 

can comprise a cylindrical bowl having a lower end with an 

30 opening. During the feed mode of operation, the bowl is 

operative to rotate at a high speed to separate solids from 

feed liquid. As described above, the solids accumulate 

along the inner surface of the bowl. The separator can also 

2500295 1 (GHMattersj24046--(GHMatters) 7/12110
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feature a solids discharge assembly and first valve member, 

which defines a drain passage. The drain passage is 

operative to permit liquid to drain from the opening in the 

bowl when the first valve member is in a closed position.  

5 Preferably, the opening in the bowl and the drain passage 

are configurable to enable liquid to drain by gravity from 

the bowl into the passage.  

The first valve member may also define a feed passage 

that cooperates with or is proximate to the opening in the 

10 bowl during the feed mode of operation. The feed passage 

permits feed liquid to be injected into the bowl. The first 

valve member can also be operatively coupleable to a valve 

actuator for rotating the member about a rotational axis.  

In one embodiment, the separator can also comprise a second 

15 valve member that cooperates with a lower surface of the 

first valve member when the f irst valve member is in a 

closed position. Moreover, the separator can feature a 

valve piston having an uppermost end at which the second 

valve member is proximately disposed. The valve piston can 

20 be operative to move the second valve member with respect to 

the bowl. For example, during solids discharge, the valve 

piston can move the second valve member upward along a 

vertical axis to cooperate with the opening in the bowl.  

Similarly, during the feed mode of operation, the first 

25 valve member is in the closed position and defines the feed 

passage, which, as describe above, can cooperate with the 

opening in the bowl to permit feed liquid to be injected 

therein.  

In one embodiment, the separator of the invention can 

30 comprise a first passage partially disposed within the valve 

piston. For example, the first passage can cooperate with 

the second valve member at the uppermost end of the valve 

piston. The opening in the separator bowl and the first 

2500295 I (GHMtters)24804664 GHMatters) 7/12110



passage can also be configurable to enable solids from the 

bowl to pass through the first passage during solids 

discharge. The first passage can also cooperate with a 

second passage that is partially disposed in the valve 

5 piston such that fluid introduced through a port for the 

second passage may enter the first passage so as to contact 

solids therein. Preferably, fluid introduced through the 

port for the second passage enters the first passage to 

contact solids therein when a valve member of the first 

10 passage is open. The valve piston of the separator can also 

feature an annular flange disposed thereabout such that the 

valve piston moves in response to fluid pressure applied 

against the annular flange.  

In one embodiment, the separator also comprises a first 

15 passage partially disposed within the valve piston. The 

first passage can cooperate with the second valve member, 

for example, at the uppermost end of the valve piston, and a 

second passage partially disposed within the valve piston.  

Preferably, when a valve member of the first passage is 

20 closed, fluid introduced through a port for the second 

passage enters the bowl below the lower portion of the 

piston. Fluid introduced through the port increases fluid 

pressure in the bowl below the lower portion of the piston 

relative to that above the upper portion thereof so as to 

25 cause the piston to move toward an upper end of the bowl.  

The present invention provides in a second aspect a 

method for discharging solids from a centrifugal separator.  

In one embodiment, the method comprises providing the 

separator and/or solids discharge assembly described above 

30 and introducing fluid through the driving port to increase 

fluid pressure in the bowl above the upper portion of the 

piston relative to that below the lower portion thereof so 

as to cause the piston to move within the bowl. The method 

2 Q25_QHMatters2480465-1 {GHMatters) 7/12/10
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can also comprise discharging solids accumulated along the 

inner surface of the bowl. Additionally, the method 

features injecting feed liquid into the bowl for solids 

separation by high speed rotation of the bowl. Preferably, 

5 the feed liquid is injected into the bowl prior to 

introducing fluid through the driving port. A method of an 

embodiment of the invention also includes returning the 

piston substantially to an uppermost position. The piston 

may be returned substantially to its uppermost position by 

10 introducing fluid into the bowl below the lower portion of 

the piston so as to increase fluid pressure in the bowl 

below the lower portion of the piston relative to that above 

the upper portion thereof. The piston is preferably 

returned substantially to its uppermost position after 

15 discharging solids accumulated along the inner surface of 

the bowl. The invention also contemplates carrying out the 

above method in any particular order or manner.  

The present invention provides in a third aspect a solids 

20 discharge assembly for a centrifugal separator, comprising: 

a piston moveably disposed against an inner surface of 

a bowl for a separator, the piston comprising an upper 

portion and a lower portion; 

a driving port operative for introducing fluid into the 

25 bowl above the upper portion of the piston, wherein 

increased fluid pressure in the bowl above the upper portion 

of the piston relative to that below the lower portion of 

the piston causes the piston to move within the bowl; and 

a valve in an upper end region of the separator, 

30 wherein the valve is operable to enable pressurization of 

the bowl above the upper portion of the piston, and wherein 

the valve is actuated in response to fluid pressure applied 

2500295 1 (GHMatters)2480465 4 (GHMatter6) 7/12/10
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against an annular member operably associated with the 

valve.  

The present invention provides in a fourth aspect a 

5 centrifugal separator, comprising: 

a cylindrical bowl for a separator having a lower end 

with an opening, the bowl being operative during a feed mode 

of operation to rotate at a high speed to separate solids 

from feed liquid, wherein solids accumulate along an inner 

10 surface of the bowl; 

a solids discharge assembly comprising: 

a piston movably disposed against an inner surface 

of a bowl, the piston comprising an upper portion and a 

lower portion, and 

15 a driving port operative for introducing fluid 

into the bowl above the upper portion of the piston, wherein 

increased fluid pressure in the bowl above the upper portion 

of the piston relative to that below the lower portion of 

the piston causes the piston to move within the bowl; 

20 a valve in an upper end region of the separator, 

wherein the valve is operable to enable pressurization of 

the bowl above the upper portion of the piston; and 

a first valve member, wherein the first valve 

member defines a drain passage, the drain passage operative 

25 to permit liquid to drain from the opening in the bowl when 

the first valve member is in a closed position.  

The present invention provides in a fifth aspect a 

centrifugal separator, comprising: 

30 a cylindrical bowl for a separator having a lower end 

with an opening, the bowl being operative during a feed mode 

of operation to rotate at a high speed to separate solids 

2500295 1 (GHMatters 24804651 {GHMatters) 7112110
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from feed liquid, wherein solids accumulate along an inner 

surface of the bowl; 

a solids discharge assembly comprising 

a piston moveably disposed against an inner 

5 surface of a bowl, the piston comprising an upper portion 

and a lower portion; 

a driving port operative for introducing fluid 

into the bowl above the upper portion of the piston, wherein 

increased fluid pressure in the bowl above the upper portion 

10 of the piston relative to that below the lower portion of 

the piston causes the piston to move within the bowl; 

a first valve member proximate to the opening of 

the bowl, the first valve member operatively coupleable to a 

value actuator for rotating the first valve member about a 

15 rotational axis; 

a second valve member cooperating with a lower 

surface of the first valve member when the first valve 

member is in a closed position; and 

a valve piston having an uppermost end at which 

20 the second valve member is proximately disposed, the valve 

piston operative to move the second valve member with 

respect to the bowl.  

The present invention provides in a sixth aspect a method 

25 for discharging solids from a centrifugal separator, 

comprising: 

providing a solids discharge assembly, the solids 

discharge assembly comprising 

a piston moveably disposed against an inner 

30 surface of a bowl for a separator, the piston comprising an 

upper portion and a lower portion, and 

a driving port operative for introducing fluid 

into the bowl above the upper portion of the piston, wherein 

2500295 1 (GHMatters)2480466_4-(GHMatters67/12/10
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increased fluid pressure in the bowl above the upper portion 

of the piston relative to that below the lower portion of 

the piston causes the piston to move within the bowl, and 

a valve in an upper end region of the separator, 

5 wherein the valve is operable to enable pressurization of 

the bowl above the upper portion of the piston, and wherein 

the valve is actuated in response to fluid pressure applied 

against an annular member operably associated with the 

valve; and 

10 introducing fluid through the driving port to 

increases fluid pressure in the bowl above the upper portion 

of the piston relative to that below the lower portion of 

the piston to cause the piston to move within the bowl; and 

discharging from the bowl solids accumulated along 

15 the inner surface thereof.  

The present invention provides in a seventh aspect a method 

for discharging solids from a centrifugal separator, 

comprising: 

20 providing a centrifugal separator, the centrifugal 

separator comprising 

a cylindrical bowl for a separator having a lower 

end with an opening, the bowl being operative during a feed 

mode of operation to rotate at a high speed to separate 

25 solids from feed liquid, wherein solids accumulate along an 

inner surface of the bowl, 

a solids discharge assembly comprising a piston 

moveably disposed against an inner surface of a bowl, the 

piston comprising an upper portion and a lower portion, and 

30 a driving port operative for introducing fluid into the bowl 

above the upper portion of the piston, wherein increased 

fluid pressure in the bowl above the upper portion of the 

2500295 1 (GHMatters)2480465--I JGHMatters) 7112/10



- 13 

piston relative to that below the lower portion of the 

piston causes the piston to move within the bowl, 

a first valve member proximate to the opening of 

the bowl, the first valve member operatively coupleable to a 

5 valve actuator for rotating the first valve member about a 

rotational axis, 

a second valve member cooperating with a lower 

surface of the first valve member when the first valve 

member is in a closed position, and 

10 a valve piston having an uppermost end at which 

the second valve member is proximately disposed, the valve 

piston operative to move the second valve member with 

respect to the bowl; 

introducing fluid through the driving port to 

15 increase fluid pressure in the bowl above the upper portion 

of the piston relative to that below the lower portion of 

the piston to cause the piston to move within the bowl; and 

discharging from the bowl solids accumulated along 

the inner surface thereof.  

20 

It is to be understood that, if any prior art publication is 

referred to herein, such reference does not constitute an 

admission that the publication forms a part of the common 

general knowledge in the art, in Australia or any other 

25 country.  

In the claims which follow and in the preceding description 

of the invention, except where the context requires 

otherwise due to express language or necessary implication, 

30 the word "comprise" or variations such as "comprises" or 

"comprising" is used in an inclusive sense, i.e. to specify 

the presence of the stated features but not to preclude the 

25-OZ9LL GHWje -)248465- (GHMarte,s) 7/12/10
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presence or addition of further features in various 

embodiments of the invention.  

DESCRIPTION OF THE DRAWINGS 

Other features and advantages of the present invention 

5 will be apparent from the following detailed description of 

the invention, taken in conjunction with the accompanying 

drawings of which: 

Figure 1 is a section view of a centrifugal separator 

in accordance with an embodiment of the invention; 

10 Figure 2 is a section view of a centrifugal separator 

in accordance with an embodiment of the invention; 

Figure 3 is a section view of the separator in Figure 2 

featuring a laser sensor assembly; 

Figure 4 is a section view of the separator in Figure 1 

15 illustrating operation in a feed mode; 

Figure 5 is a detailed section view including the 

piston and bowl of the separator in Figure 1 illustrating 

operation in the feed mode; 

Figure 6 is a section view of the separator in Figure 1 

20 illustrating operation when residual liquid drains from the 

bowl; 

Figure 7 is a section view of the separator in Figure 1 

illustrating operation in a solids discharge mode; 

Figure 8 is a section of the centrifuge in Figure 1 

25 illustrating operation after the solids discharge mode when 

the piston is returned substantially to its uppermost 

position; 

Figure 9 is a detailed section view of a lower end 

region of the separator of Figure 1 when a solids passage is 

30 cleaned; 

Figure 10 is a detailed section view of an upper 

portion of the separator of Figure 1 in the feed mode; and 

2500295 1 (GHMatlers)2480465-- (GHMatte) 7112/10
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Figure 11 is a detailed section view of an upper 

portion of the separator of Figure 1 in a solids discharge 

mode.  

5 DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 shows a centrifugal separator in vertical 

section, with a middle portion removed so as to illustrate a 

horizontal section as well. The centrifugal separator 

includes a cylindrical separator bowl 10 mounted in a 

10 central region 11 of a separator housing 13. Preferably, 

the separator bowl can be of a length that is greater than a 

diameter thereof. By having the length of the bowl longer 

than its diameter, "end effects" in the bowl can be 

minimized with respect to the bowl's internal volume. In 

15 general, end effects can be caused by fluid eddies along any 

of the angled portions within the interior of the bowl and, 

particularly, near the ends thereof. In one embodiment, the 

separator bowl 10 can be a cylindrical type bowl having a 

relatively small diameter D and a length L such that the 

20 ratio of L/D is approximately 5/1 or greater. Such a ratio 

of L/D tends to prevent axial waves from developing within 

the bowl as such waves substantially dissipate as they 

travel the length of the bowl. By employing an L/D ratio of 

approximately 5/1 or greater, a separator of the invention 

25 can also avoid the need for baffles within the bowl, which 

are used in conventional separators to minimize axial waves.  

The separator in Figure 1 also includes a piston 

assembly comprising a piston 12. As shown, the piston 12 

can have a lower conical portion that matches the shape of a 

30 conical lower end 17 of the bowl 10. The conical lower end 

17 acts as a rotational accelerator of the feed liquid 

during a feed mode of operation for the separator. The 

separator can also feature, in an upper portion 19, a 

2500295 1 (HMatters)2460465-1-(GHMatter) 7/12/10
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centrate case 30 having an isolation valve 26 that is urged 

open or closed by pneumatic or hydraulic pressure.  

A variable speed drive motor 16 can also be connected 

by a drive belt 5 to a drive pulley 18 of a mounted bearing 

5 and spindle assembly 23 located at a collar-like extension 

22 of the upper end for the separator housing 13. A 

separator of an embodiment of the invention can also be 

operated using other conventional motor and drive systems.  

Preferably, the bearing and spindle assembly 23 can comprise 

10 a semi-spherical portion 1 and a short cylindrical spindle 

portion 20, although other suitable assembly configurations 

could be used in accordance with an embodiment of the 

invention. In one embodiment, the semi-spherical portion 

comprises an upper semi-hemispherical portion and a lower 

15 semi-hemispherical portion. Optionally, the semi-spherical 

portion 1 can rest against mating surfaces of one or more 

seats. For example, Figure 1 shows seats 24 and 25 in 

compressive contact with the upper and lower semi

hemispherical portion, respectively, of the semi-spherical 

20 portion 1. An exemplary semi-spherical portion that can be 

employed in a separator of the invention has been described 

by U.S. Application No. 10/874,150, which is hereby 

incorporated by reference herein.  

Exemplary seats 24 and 25 can comprise low friction 

25 components such as polytetrafluoroethylene (PTFE) or TEFLON

based (E. I. du Pont de Nemours and Company, 1007 Market 

Street, Wilmington, Delaware 19898) materials such that they 

allow some extent of shifting of the semi-spherical portion 

1 about a central vertical axis 41 of the separator. Seats 

30 24 and 25 tend to prevent the semi-spherical portion 1 from 

processing radially outward and axially upward or downward.  

Moreover, seats 24 and 25 can limit the amount of vertical 

and horizontal swiveling of the spindle portion 20 as it 
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rotates about the central vertical axis 41 of the separator 

at high speed during operation. Swiveling of the spindle 

portion 20 may also be dampened by an optional swing 

resistant ring 21 made, for example, of rubber. By 

5 preventing such radial or axial processing and limiting the 

amount of swiveling, vibration associated with the natural 

frequency of the rotating bowl 10 can be reduced. Seats 24 

and 25 can also, for example, be arched seating elements 

that substantially prevent translation such as rotational 

10 translation of the assembly 23 or housing thereof.  

Generally, preventing such translation can operatively 

stabilize the semi-spherical portion 1.  

In one embodiment, seats 24 and 25 can be formed as 

continuous ring members, discrete stabilizing members or any 

15 combination of such members. Seats 24 and 25 can also be 

adjustable such that their compressive contact with the 

semi-spherical portion 1 can be modified depending, for 

example, on particular process requirements for the 

separator. Such adjustability of seats 24 and 25 can be 

20 facilitated by, for example, the use of one or more 

adjustment members associated therewith. As described 

above, embodiments of the invention also contemplate 

employing an individual seat that may be in compressive 

contact with the upper and/or lower semi-hemispherical 

25 portion of the semi-spherical portion 1.  

Rotation of the mounted bearing and spindle assembly 23 

can also be prevented by, for example, a positioning member 

such as an anti-rotation pin 29. For example, Figure 1 

shows pin 29 positioned so as to extend through an enlarged 

30 opening in the assembly 23. In one embodiment, such a 

positioning member can cooperate with a mounting region for 

the bearing and spindle assembly 23 to substantially prevent 

translation, for example, rotational translation, of the 
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assembly 23 or housing thereof. As shown, the anti-rotation 

pin 29 can move within the opening in the assembly 23 so 

that it does not interfere with the swiveling of the spindle 

portion 20. The extent of rotation and swiveling 

5 experienced by the separator can relate to the speed at 

which high speed separation occurs. The drive motor 16 can 

also be controllably operated to rotate the separator bowl 

10 at desired speeds for separation of the feed liquid.  

Also shown in Figure 1 are the centrate case 30, a 

10 centrate outlet port 32, a centrate outlet port valve 33 and 

a centrate valve 34, all of which are, during operation, 

involved in removing clarified liquid from the bowl 10 and 

centrate from the separator. As described in greater detail 

below, the centrate case 30 includes an isolation valve 26 

15 that is open as the feed liquid enters the bowl 10 in the 

feed mode. The isolation valve 26 can comprise an annular 

member 9, preferably, disposed thereabout. During the feed 

mode, the centrate outlet port valve 33 is also maintained 

open. In contrast, the isolation 26 and centrate outlet 

20 port valves 33 both close when solids are pumped from the 

separator. The isolation valve is described in greater 

detail below with reference to Figure 10, which shows the 

upper portion 19 of the separator during the feed mode. The 

centrate outlet port valve 33 can be closed manually or via 

25 a conventional automatic valve control assembly. The 

separator further comprises a lower end region 39 of the 

separator housing 13.  

Figure 1 also illustrates an embodiment of the 

separator having, for example, a solids divert valve 90 

30 movably located in the lower end region 39 of the separator 

housing 13, below a lower surface of a rotatable residual 

divert valve 92. optionally, the lower surface of the 

residual divert valve 92 can have a feature that partially 
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extends within the solids divert valve 90. The residual 

divert valve 92 located at an opening 76 in the conical 

lower end 17 of the bowl 10 is shown in a closed position, 

which is maintained during the feed mode. When closed, the 

5 valve 92 defines a feed liquid passage 94 in communication 

with a feed liquid port 96, as well as a residual drain 

passage 98 in communication with a residual liquid drain 

port 100. The residual divert valve 92 can also be disposed 

to communicate within valve receiving member 120, which may 

10 be provided integrally with the lower end 39 of the 

separator housing 13. The valve 92 can also be rotated from 

its closed position about axis 6 such that the solids divert 

valve 90 can be urged upward into communication with the 

opening 76 to the bowl.  

15 The separator of the invention can also comprise, as 

shown in Figure 1, a solids passage 104, preferably, 

disposed axially within a solids divert piston 102 and 

extending beyond the divert piston 102 at a lowermost end to 

incorporate a solids outlet port 106 and a solids outlet 

20 port valve 107. The passage 104, piston 102, port 106 and 

valve 107 are each involved in removing accumulated solids 

from the centrifugal separator during the solids discharge 

mode of operation. While solids are pumped from the 

separator bowl 10, the solids outlet port valve 107 can be 

25 open to, for example, allow solids to pass from the solids 

passage 104 through the solids outlet port 106 to exit the 

separator.  

The solids outlet port valve 107 may be opened manually 

or via a conventional automatic valve control assembly. The 

30 solids discharge mode generally pumps and recovers sensitive 

solids, such as, for example, intact cells, and can, for 

example, pass these solids onto another process or a storage 

vessel without further handling. Without the solids being 
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handled by an operator, they are less likely to be damaged 

or contaminated. A separator of the invention such as, for 

example, the separator of Figure 1 can also feature any 

configuration or arrangement of passages, valves, pistons, 

5 actuators, assemblies, ports, members and so forth, as 

described above, that would be suitable for a particular 

application.  

A cleaning passage 108 can also be disposed within the 

solids divert piston 102, preferably, parallel to the solids 

10 passage 104 and, optionally, extending beyond the piston 102 

at a lowermost end to incorporate a cleaning port 111. At 

an uppermost end, the cleaning passage 108 may be in 

communication with the solids passage 104. The cleaning 

port 111 and passage 108 together can aid in the recovery of 

15 any solids remaining in the passage 104 following the solids 

discharge mode, as well as in cleaning or sterilizing the 

separator. The cleaning port 111 and passage 108 can also 

operate to urge the piston 12 axially upward once the solids 

discharge mode is complete.  

20 In particular, after solids are pumped from the 

separator, the solids outlet port valve 107 can be closed 

such that fluid, for example, compressed gas or hydraulic 

liquid, introduced through the cleaning port 111 and passage 

108 contacts the lower conical portion of the piston 12 and 

25 urges the piston upward until it is returned substantially 

to an uppermost position for the next feed mode of 

operation. Exemplary types of compressed gas for moving the 

piston 12 include nitrogen and argon. Similarly, an 

exemplary hydraulic liquid that can be used to move the 

30 piston 12 within the bowl 10 can include distilled water.  

In another embodiment, a separator of the invention can 

feature, for example, a pinch or ball type valve assembly to 

facilitate solids discharge. A conventional pinch type 
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valve assembly may be preferable for a separator 

encountering paste-like solids during operation. An 

exemplary ball type valve assembly can comprise a half -ball 

shaped discharge valve disposed in the lower end region of 

5 the separator housing. The discharge valve of a ball type 

valve assembly can also include passages for the feed liquid 

and residual liquid being drained from the separator bowl.  

For example, the discharge valve can rotate between a closed 

and an open position during, respectively, the feed mode and 

10 solids discharge mode of operation.  

During the feed mode, the separator housing can be 

closed except for the feed and residual liquid passages of 

the ball type valve assembly, which may communicate with, 

for example, the opening in the conical lower end of bowl.  

15 A ball type valve assembly can also include, for example, 

one or more ports for piston retraction and cleaning or 

sterilizing the separator. An exemplary ball type valve 

assembly that can be employed in a separator of the 

invention has been described by U.S. Patent No. 6,776,752, 

20 which is hereby incorporated by reference herein.  

Figure 2 shows one embodiment of a separator of the 

invention comprising ball type valve assembly 40 disposed in 

the lower end region 39 of the separator housing 13.  

Preferably, the ball type valve assembly 40 features, as 

25 shown, a discharge valve 42. For example, the discharge 

valve 42 can be mounted below an inward-facing flange 43.  

In one embodiment, the discharge valve 42 can incorporate a 

feed liquid passage 44 in communication with a feed liquid 

port 45, as well as a residual liquid drain passage 46 in 

30 communication with a residual liquid drain port 47. A valve 

seal 48 can also be disposed on a lower surface of the 

flange 43.  
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During the feed mode, the separator of Figure 2 

features the discharge valve 42 in a closed position in 

which its outer upper surface rests against the valve seal 

48. The valve seal 48 can be inflated by fluid such as, for 

5 example, compressed gas or hydraulic liquid introduced 

through a valve actuator 49. Preferably, the valve seal 48 

remains inflated throughout the feed mode. Figure 2 shows 

that solids-bearing feed liquid can be introduced through 

the feed liquid port 45. The feed liquid can flow from the 

10 feed liquid port 45 into the feed liquid passage 44.  

Preferably, the feed liquid passage 44 communicates with a 

main passage 50, which can be axially disposed within a 

piston retract actuator 52. An upper end of the main 

passage 50 incorporates a jet port 154 for, during the feed 

15 mode, injecting feed liquid into the opening 76 in the 

conical lower end 17 of the bowl 10.  

The feed mode of operation for a separator of an 

embodiment of the invention is described in greater detail 

below with reference to Figure 4, which shows an embodiment 

20 of the separator featuring the solids divert valve movably 

located in the lower end region 39 of the separator housing 

13, below a lower surface of the rotatable residual divert 

valve. With regard to Figure 2, the feed mode can, for 

example, be further characterized by having the piston 

25 retract actuator 52 in contact with the conical lower end 17 

of the separator bowl 10. As shown, the piston retract 

actuator 52 can move axially upward and downward in response 

to fluid such as, for example, compressed gas or hydraulic 

liquid.  

30 After solids have been separated from the feed liquid, 

the piston remains in contact with the separator bowl 10 as 

residual liquid in the bowl drains through the opening 76 

onto a shaped surface of the discharge valve 42, which also 

2500295 1 (GHMatters)24804651 (GHMattersi 7/12/10



- 23 

remains, as described above, in a closed position. As shown 

in Figure 2, residual liquid can then be channeled by the 

shaped surface of the discharge valve 42 so as to pass 

through the residual liquid drain passage 46. The residual 

5 liquid passes through the drain passage 46 and eventually 

exits the separator through the residual liquid drain port 

47.  

In one embodiment, fluid pressure introduced at a fluid 

port 58 acts against a lower surface of an annular actuator 

10 flange 57 disposed about the piston retract actuator 52 to 

urge the retract actuator 52 upward. The axial movement of 

the piston retract actuator 52 may also be controlled by 

fluid introduced through an actuator control port 54. For 

example, the actuator control port 54 can be provided in the 

15 lower end region 39 of the separator housing 13 such that 

fluid enters the port 54 and contacts an upper surface of 

the annular actuator flange 57 disposed about the piston 

retract actuator 52.  

The actuator control 54 and fluid port 58 can also act 

20 in concert to actuate and move the piston retract actuator 

52 by concomitantly contacting the upper and lower surfaces 

of the annular actuator flange 57 fluid. For example, the 

piston retract actuator 52 can be urged upward when pressure 

acting against the upper surface of the annular actuator 

25 flange 57 is less than that acting against the lower surface 

thereof. During the feed mode, the piston retract actuator 

52 can be urged axially upward and held in gas-tight 

communication with the opening 76 of the bowl 10. The 

interface of the piston retract actuator 52 and the bowl 

30 opening 76 can also be sealed by, for example, PTFE or 

TEFLON-based (E. I. du Pont de Nemours and Company, 1007 

Market Street, Wilmington, Delaware 19898) elastomeric seals 

disposed therebetween.  
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Preferably, the piston retract actuator 52 is also in 

gas-tight communication with the opening 76 of the bowl 10 

while the piston 12 is being returned substantially to its 

uppermost position, which generally follows the solids 

5 discharge mode. As described above, such gas-tight 

communication can be achieved via fluid pressure introduced 

through the fluid port 58, which acts against the lower 

surface of the annular actuator flange 57 disposed about the 

piston retract actuator 52. Although fluid may also enter 

10 the separator at the actuator control port 54, the pressure 

exerted on the upper surface of the flange 57 would be less 

than that acting against its lower surface to maintain the 

gas-tight communication. It could also be preferable for 

the actuator control port 54 not to introduce fluid to the 

15 upper surface of the flange 57 such that the fluid port 58 

would entirely control the movement of the piston retract 

actuator 52.  

To return the piston 12 substantially to its uppermost 

position, fluid contacts the lower conical portion of the 

20 piston 12 after entering the separator bowl 10 via the feed 

liquid port 45 after fluid pressure urges the piston retract 

actuator 52 upward along the vertical axis 41 to communicate 

with the bowl opening 76. When the piston is returned 

substantially to its uppermost position, fluid introduced 

25 through the feed liquid port 45 can be discontinued. The 

piston 12 is then held substantially in its uppermost 

position by frictional forces between one or more piston 

seals adjacent the inner wall of the bowl 10. As shown in 

Figure 2, an annular piston seal 59 is disposed about the 

30 piston 12 and interfaces with the inner wall of the bowl 10.  

The seal 59 can comprise components such as, for example, 

PTFE or TEFLON-based (E. I. du Pont de Nemours and Company, 
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1007 Market Street, Wilmington, Delaware 19898) elastomeric 

materials.  

Prior to returning the piston 12 substantially to its 

uppermost position, the separator is typically operated in 

5 the solids discharge mode in which solids are pumped from 

the bowl 10. In the separator of an embodiment of the 

invention shown in Figure 2, the solids discharge mode is 

characterized by the discharge valve 42 rotated about a 

rotational axis 6 to an open position such that solids can 

10 leave the separator as the piston 12 travels axially 

downward. The separator can also be readily cleaned or 

sterilized-in-place, preferably, after the solids discharge 

mode, with the discharge valve 42 rotated into an open 

position.  

15 For example, in order to rotate the discharge valve 42 

from a closed position, during the feed mode, to an open 

position, during the solids discharge mode, the valve seal 

48 can be deflated. The valve seal can be deflated by, for 

example, discontinuing the introduction of fluid at the 

20 valve actuator 49. An upper offset portion of the discharge 

valve 42, which can include the piston retract actuator 52, 

is then preferably rotated 90* about the rotational axis 6, 

away from the opening defined by the inner edge of the 

flange 43. In one embodiment, prior to rotating the 

25 discharge valve 42 to an open position for the solids 

discharge mode, the piston retract actuator 52 is removed 

from gas-tight communication with the opening 76 of the bowl 

10. The actuator 52 can move axially downward away from the 

bowl 10, for example, as described above.  

30 With the piston retract actuator 52 removed from gas

tight communication with the bowl opening 76 and the 

discharge valve 42 rotated to an open position, solids can 

be pumped from the separator through the conical lower end 
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17 of the bowl 10. Preferably, solids are pumped from the 

separator bowl as the piston 12 travels axially downward.  

In general, the solids discharge mode begins in the upper 

portion 19 of the separator such as described in greater 

5 detail below with reference to the separator in Figure 7.  

As shown in Figure 2, the piston 12 can also feature a 

knife-edge 62, which may aid in the separation of 

exceptionally paste-like solids that stick near the conical 

lower end 17 or at the opening 76 of the separator bowl 10.  

10 Figure 3 is a section view of the separator of Figure 2 

featuring a laser sensor assembly 122. For example, the 

assembly 122 can be mounted within or external to the 

separator housing 13 by any suitable means. In general, 

optical elements such as, for example, focusing and 

15 reflecting members can be used to facilitate any suitable 

mounting options, configurations or arrangements for the 

assembly 122. As shown, the laser sensor assembly can be 

disposed above or at the upper portion 19 of the separator.  

Preferably, the assembly 122 is disposed above the collar

20 like extension 22 of the upper end for the separator housing 

13. The laser sensor assembly 122 can be used to monitor 

the axial movement of the piston 12 within the separator 

bowl 10. In one embodiment, the separator can, for example, 

be any conventional type of laser light emitting device.  

25 For example, the laser sensor assembly 122 of Figure 3 

can monitor the axial movement of the piston 12 by emitting 

a pulsed laser light 124. As will be appreciated by those 

of ordinary skill within the art, the assembly 122, by 

emitting then detecting the pulsed laser light 124, can 

30 provide a time-to-travel measurement from which the location 

of the piston 12 within the bowl 10 can be determined. In 

one embodiment, a reflective surface or member associated 

with the piston 12, and, preferably, optically aligned with 
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the laser sensor assembly 122 such as via an optical path 

within the hub 60 of the bowl 10, can reflect the laser 

light back to the assembly 122. Moreover, such a time-to

travel measurement can also provide an operator with input 

5 regarding the axial distance that the piston 12 has 

traveled. The laser sensor assembly 122 in Figure 3 can be 

used to monitor the piston 12 within the bowl as the piston 

travels axially upward or downward as, for example, a 

function of pressure employed to move the piston 12 within 

10 the bowl 10. The invention also contemplates using other 

such conventional assemblies or devices based on, for 

example, ultrasonic, infrared or radiation energy emitting 

means to monitor the movement of the piston 12.  

Figure 4 illustrates a separator of an embodiment of 

15 the invention operating during the feed mode in which the 

bowl 10 and the piston 12 are rotating together at high 

speed. For example, the solids-bearing feed liquid is 

injected into the bowl and flows in a path 64 up the inner 

surface of the conical lower end 17 of the bowl.  

20 Preferably, the piston 12 is held at its uppermost position 

by hydraulic pressure from the clarified liquid 72 such that 

it is urged against the hub 60 of the bowl, maintaining the 

centrate valve 34 in the open position. In one embodiment, 

the centrate valve 34 is urged open by pins 67 extending 

25 from the hub 60 and into the piston 12 to push the valve 34 

downward along the vertical axis 41. The centrate valve 34 

can close during the solids discharge mode as, for example, 

springs 66 are urged upward, which is described in greater 

detail below.  

30 The centrate valve 34 and piston 12 can, for example, 

also include one or more seals. Preferably, one or more 

seals can be employed with the centrate valve to prevent 

clarified liquid from returning to the interior of the 
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separator bowl 10 after exiting therefrom. Such seals can 

also be used so as to prevent solids from entering the 

centrate case 30 during the downward movement of the piston 

12 in the solids discharge mode. Moreover, such seals can 

5 allow a portion of the separator bowl 10 above the piston 12 

to become and remain pressurized such that the piston can be 

efficiently urged downward by fluid pressure during the 

solids discharge mode. Seals associated with the centrate 

valve 34 and piston 12 may also prevent clarified liquid 

10 from flowing between the interior surface of the bowl 10 and 

piston 12. The invention also contemplates employing one or 

more seals in association with any one of or all of the 

passages, valves, pistons, actuators, assemblies, ports, 

members and the like described herein.  

15 Exemplary seals of the centrate valve 34 and piston 12 

can comprise components such as, for example, PTFE or 

TEFLON-based (E. I. du Pont de Nemours and Company, 1007 

Market Street, Wilmington, Delaware 19898) elastomeric 

materials. For example, such seals are described in greater 

20 detail below with reference to the separator shown in Figure 

10. As shown in Figure 4, the piston 12 can also be held 

substantially in its uppermost position by frictional forces 

between piston seals 56 adjacent the inner wall of the bowl 

10. Preferably, these seals 56 are disposed about the 

25 piston 12 and interface with the inner wall of the bowl 10.  

In one embodiment, the seals 56 can be separated from each 

other by a linear portion on the piston 12. The seals 56 

can, for example, prevent misalignment of the piston during 

its axial movement and provide for uniform communication 

30 with the interior surface of the bowl such that the bowl may 

be efficiently pressurized either above or below the piston 

12. In another embodiment, the piston 12 can feature a 

plurality of seals disposed thereabout and interfaced with 
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the inner wall of the bowl 10. Moreover, in lieu of the 

seals 56, a single seal 59 such as, for example, shown in 

Figure 2 can be disposed about the piston 12.  

In one embodiment, the interior of the bowl 10 of a 

5 separator of the invention can feature a scratch resistant 

type coating. For example, such a coating can be disposed 

along a portion or the entire interior surface of the bowl 

10. Exemplary coatings for the interior of a separator bowl 

can include hard chromium, boron-nitride, titanium or 

10 combinations thereof. Preferably, a scratch resistant type 

coating can prevent abrasions to the bowl. Such abrasions 

can lead to the feed liquid shearing, which may hinder 

efficient solids separation and recovery. A scratch 

resistant type coating within the bowl can also provide for 

15 uniform communication between the interior surface thereof 

and one or more seals disposed about the piston 12. Uniform 

communication between the interior surface of the bowl and 

one or more seals disposed about the piston 12 can aid in 

the efficient pressurization of the bowl such as described 

20 above and in the efficient recovery of accumulated solids.  

Under the separation forces generated by high speed 

rotation of the bowl 10, Figure 4 shows the feed liquid 

separated into accumulated solids 70 and clarified liquid 

72. The clarified liquid 72 continues upward along the path 

25 64, through the centrate valve 34 and exits the bowl at the 

centrate discharge aperture 74. In one embodiment, the 

centrate discharge aperture 74 can be disposed at or 

substantially at an upper end of the separator bowl 10.  

Preferably, the discharge aperture 74 leads into the 

30 centrate case 30 that can feature the isolation valve 26, 

which is, for example, open during the feed mode of 

operation. The isolation valve 26 can be maintained open by 
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fluid such as compressed gas or hydraulic liquid acting 

against an annular member 9 disposed about the valve 26.  

For example, in the feed mode, fluid can be introduced 

to a lower surface of the annular member 9 through a lower 

5 port 4. The clarified liquid 72 can then pass from the 

centrate case 30 into the centrate outlet port 32, which 

features the centrate outlet port valve 33. Preferably, the 

centrate outlet port valve 33 is open during the feed mode 

to allow the clarified liquid 72 to exit the separator as 

10 centrate 73.  

A separator according to an embodiment of the invention 

can also be employed in applications in which there is a 

need to preserve the quality of the centrate 73 that exits 

therefrom. For example, a sensitive organic polymer that 

15 exits the separator as centrate may be the only desired 

yield from a given separation. Indeed, the invention also 

contemplates an application in which both the centrate and 

solids are desired yields. In an application in which it is 

important to preserve the quality of centrate exiting the 

20 separator, the separator of the invention can be used to 

reduce overall shearing of clarified liquid and centrate 

resulting therefrom. Typically, such shearing can, for 

example, degrade the quality of sensitive centrate.  

In one embodiment, a separator of the invention can 

25 employ, for example, a separation and/or solids recovery 

means in addition to or in lieu of a rotating bowl. One 

example of a separation means is a conventional pairing-disc 

assembly. A separator of the invention can comprise a 

pairing-disc assembly to, for example, reduce the overall 

30 shearing of clarified liquid and centrate resulting 

therefrom. For example, a pairing-disc assembly can be used 

in an application for a separator of the invention in which 

it is desired to preserve the quality of the centrate. As 
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will be appreciated by those of ordinary skill within the 

art, a pairing-disc assembly can perform generally 

continuous separation of solids from feed liquid with 

minimal overall shearing of, for example, desired centrate.  

5 A separator of the invention can also comprise one or 

more features such as, for example, fastening and mounting 

means, by which the bowl 10 can be decoupled from the 

separator housing 13. Preferably, with the bowl 10 

decoupled, the piston 12 and its associated assemblies can 

10 be substituted with a separation and/or solids recovery 

means such as the pairing-disc assembly described above. A 

separator bowl suitable for use with the substituting 

separation and/or solids recovery means could subsequently 

be coupled to the separator of the invention via one or more 

15 features. The separator of the invention is then able to be 

used for a specific application. The ability to modify the 

configuration of a separator of the invention for a given 

solids separation application permits use of such separation 

and/or solids recovery means as an axial scraper or a 

20 piston-extrusion assembly described by U.S. Patent Nos.  

6,776,752, which is hereby incorporated by reference herein.  

As shown in the separator of Figure 4, in the feed mode 

of operation, the solids divert valve 90 can be held 

upwardly against a lower surface of the residual divert 

25 valve 92 in gas-tight agreement. In one embodiment, the 

solids divert valve 90 can feature one or more seals such 

as, for example, disposed thereon. For example, such seals 

can be used to enable pressurization of the separator 

housing 13 and bowl 10, preferably, above the upper portion 

30 of the piston 12 to provide for movement of the piston 12.  

Such seals can comprise components such as, for example, 

PTFE or TEFLON-based (E. I. du Pont de Nemours and Company, 

1007 Market Street, Wilmington, Delaware 19898) elastomeric 
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materials. With such seals enabling pressurization of the 

separator housing 13 and the bowl 10, preferably, above the 

upper portion of the piston 12, the isolation valve 26 can 

remain open during, for example, the solids discharge mode.  

5 A configuration in which the isolation valve 26 of the 

separator in Figure 4 remains open during, for example, the 

solids discharge mode of operation can be advantageous for a 

particular application.  

Preferably, the separator shown in Figure 4 features 

10 the solids divert valve 90 with one or more seals. Such 

seals can provide for efficient pressurization of the 

separator bowl 10, preferably, above the upper portion of 

the piston 12 when, for example, the isolation valve 26 is 

in a closed position such as during the solids discharge 

15 mode. For example, by having the isolation valve 26 closed 

during a solids discharge mode of operation, the volume 

pressurized to move the piston within the bowl and the time 

required for pressurization can be reduced. The separator 

of the invention as described above with reference to Figure 

20 2 preferably features the isolation valve 26 in the closed 

position when it is desirous to pressurize the separator 

bowl 10, for example, above the upper portion of the piston 

12 in order to axially move the piston such as during the 

solids discharge mode of operation. With the isolation 

25 valve closed, the volume between the housing 13 and the bowl 

10 need not be pressurized, and the housing also need not be 

constructed so as to be capable of maintaining such 

pressurization.  

Seals comprising components such as, for example, PTFE 

30 or TEFLON-based (E. I. du Pont de Nemours and Company, 1007 

Market Street, Wilmington, Delaware 19898) elastomeric 

materials can also, for example, be disposed on or 

associated with the residual divert valve 92 to, preferably, 
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seal the interface between the valve 92 and the solids 

divert valve 90. In one embodiment, the solids divert valve 

90 can be urged upward by the solids divert piston 102 on 

which the valve 90 is disposed at an uppermost end in 

5 communication with the solids passage 104 of the piston 102.  

As shown in Figure 4, pneumatic or hydraulic pressure 

introduced at an actuator port 112 acts against a lower 

surface of an annular flange 110 disposed about the solids 

divert piston to urge the piston 102 upward.  

10 The solids divert piston 102 moves axially upward and 

downward in response to pneumatic or hydraulic pressure.  

The axial movement of the divert piston 102 may also be 

controlled by compressed gas or hydraulic fluid introduced 

through a control port 113. The control port 113 is 

15 provided in the lower end region 39 of the separator such 

that compressed gas or hydraulic fluid enters the port 113 

and contacts an upper surface of the annular flange 110 

disposed about the solids divert piston 102. The control 

113 and actuator port 112 can also act in concert to actuate 

20 and move the divert piston by concomitantly contacting the 

upper and lower surfaces of the annular flange 110 with 

compressed gas or hydraulic fluid.  

Also shown in Figure 4 is the residual divert valve 92 

in a closed position located at the opening 76 in the bottom 

25 of the bowl 10. The valve 92 defines the feed liquid 

passage 94 in communication with the feed liquid port 96 

such that the feed liquid can be injected into the bowl 10 

along the path 64. The feed liquid is injected into the 

bowl 10 across a gap such that the residual divert valve 92 

30 need not contact the bowl 10 as it rotates, preventing 

mechanical wear of the valve 92 and the bowl 10.  

Operatively coupled to the valve 92 is a residual divert 

valve actuator 114. The actuator 114, which can be a 
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pneumatic or hydraulic cylinder, rotates the residual divert 

valve 92 from its closed position about axis 6. While feed 

liquid is fed through the feed liquid passage 94 and into 

the bottom of the bowl 10, the solids outlet port 106 of the 

5 solids divert piston 102 features the solids outlet port 

valve 107 in a closed position.  

In one embodiment, a separator of the invention can 

reduce the extent of overall shearing of the clarified 

liquid 72 as it passes upward along path 64, through the 

10 centrate valve 34 and exits the bowl 10 at the centrate 

discharge aperture 74. For example, the extent of overall 

shearing of the clarified liquid 72 can be reduced by the 

movement of the clarified liquid 72 such as shown in Figure 

5. Figure 5 shows that a separator of the invention and, in 

15 particular, the centrate valve 34 can, by design, cause an 

underflow effect of the clarified liquid along underflow 

path 129.  

The underflow path shown in Figure 5 is submerged below 

the external boundary 130 of the clarified liquid 72 by the 

20 configuration and/or arrangement of, for example, the bowl 

10 and centrate valve 34 during the feed mode. Preferably, 

by having the underflow path 130 submerged beneath the 

external boundary 130, air currents, surface waves, any non

concentric effects of the bowl 10 and so forth generally 

25 tend not to disturb the movement of the clarified liquid.  

For example, by not disturbing the movement of the clarified 

liquid, the extent of overall shearing thereof can be 

minimized using a separator of the invention.  

As shown in Figure 5, the underflow path 129 also tends 

30 to avoid contact with the solids 70 accumulated along the 

interior surface of the bowl 10, thereby avoiding any 

shearing of the clarified liquid that could result from such 

contact. Generally, in a conventional separator, the flow 
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of clarified liquid is along a surface boundary such as, for 

example, the boundary at the accumulated solids or at the 

surface interior to the separator bowl. In particular, 

coriolis acceleration effects within a conventional 

5 separator tend to cause clarified liquid to flow along the 

surface boundary at the interior of the bowl, exposing the 

liquid to any potential shearing forces in the bowl. The 

underflow path 129 of clarified liquid 72 in a separator of 

the invention avoids any such surface boundaries so as to 

10 limit the extent of overall shearing.  

Figure 6 illustrates the separator with the residual 

divert valve 92 closed to permit the residual liquid 132 to 

drain out of the bowl 10 and into the residual liquid drain 

passage 98. The drain passage 98 leads into the residual 

15 liquid drain port 100, where the residual liquid 132 

eventually drains from the separator. In one embodiment, 

the residual liquid 132 can also be, for example, provided 

back to a feed tank associated with the separator. The feed 

tank can then provide the separator with the residual 

20 liquid, for example, in the feed liquid for further solids 

separation. The liquid 132 is typically drained from the 

separator by gravity after the feed mode is completed and 

the high speed rotational separation has been performed.  

The feed liquid port 96 is also closed or under sufficient 

25 back pressure to prevent liquid 132 from exiting the 

separator through the feed liquid passage 94. Although the 

bowl 10 and the piston 12 are no longer rotating, 

accumulated solids 70 remain compressed tightly against the 

inner surface of the separator bowl 10. The accumulated 

30 solids 70 can be recovered from the bowl 10 during the 

solids discharge mode of operation.  

As the residual liquid 132 drains from the bowl 10, the 

piston 12 is also held substantially in its uppermost 
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position predominately by frictional forces between the 

piston seal or seals 56 adjacent the inner wall of the bowl 

10. In Figure 6, the separator is also shown with the 

solids outlet port valve 107 closed and the centrate outlet 

5 port valve 33 open. The isolation valve 26 of the centrate 

case 30 is also maintained open as it was throughout the 

feed mode of operation. Also shown is the solids divert 

piston 102 and the annular flange 110 disposed about the 

piston 102. The lower surface of the annular flange 110 is 

10 contacted by fluid such as, for example, compressed gas or 

hydraulic liquid introduced through actuator port 112 such 

that the solids divert piston 102 holds the solids divert 

valve 90 upward in gas-tight agreement with the residual 

divert valve 92. The agreement between the solids divert 

15 valve 90 and the residual divert valve 92 permits residual 

liquid 132 to drain out of the bowl 10 and into the residual 

liquid drain passage 98, where the liquid exits the 

separator.  

After the residual liquid 132 has substantially drained 

20 from the bowl 10, the separator is prepared for pumping of 

the accumulated solids 70 in the solids discharge mode. The 

centrate outlet port valve 33 and the isolation valve 26 are 

closed prior to solids pumping. As described above, the 

centrate outlet port valve 33 may be closed manually or via 

25 an automatic valve control assembly. The isolation valve 26 

is closed by discontinuing fluid introduced through the 

lower port 4 of the separator. The fluid had acted on a 

lower surface of the annular member 9 disposed about the 

isolation valve 26 to maintain it open. For the solids 

30 discharge mode, as shown in Figure 7, fluid such as, for 

example, compressed gas or hydraulic liquid instead contacts 

an upper surface of the annular member 9 to actuate and 

close the isolation valve 26. The fluid is introduced 
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through an upper port 61 during solids discharge and 

contacts the annular member 9 to urge the isolation valve 26 

against the flange 51 disposed in the upper portion 19 of 

the separator.  

5 Figure 7 illustrates the separator operating in the 

solids discharge mode of operation. Figure 7 is split 

lengthwise to show two separate positions of the piston 12.  

On the left, the piston is partway through its downward 

travel, and on the right, the piston is at the lowermost 

10 point of its stroke completing the discharge operation, with 

its lower conical portion resting against the inner surface 

of the conical lower end 17 of the bowl 10. As shown, the 

piston is urged downward along the vertical axis 41 by, for 

example, fluid such as compressed gas or hydraulic liquid 

15 acting against the upper portion of the piston 12. Also 

shown is the centrate valve 34 in a closed position, under 

the upward urging force of the springs 66. The springs 66 

are urged upward by interaction between the accumulated 

solids 70 and the lower conical portion of the piston 12 

20 during its downward travel. With the piston 12 traveling 

downward, the accumulated solids 70 are pressed out of the 

opening 76 at the bottom of the bowl 10.  

The lower conical portion of the piston 12 and the 

inner surface of the conical lower end 17 of the bowl 10 are 

25 machined for precise fit to efficiently remove as much of 

the accumulated solids 70 as possible. The movement of the 

piston 12 along the vertical axis 41 is primarily caused by 

fluid introduced through a driving port 2 in the upper 

portion 19 of the separator. Fluid pressure introduced at 

30 the driving port 2 eventually contacts the upper portion of 

the piston 12, when the centrate case 30 and the section of 

the bowl 10 above the upper portion of the piston 12 

disposed therein are completely sealed and pressurized. The 
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centrate case 30 and the section of the bowl 10 above the 

upper portion of the piston 12 can be sealed and pressurized 

when the isolation valve 26 is closed.  

Moreover, the isolation valve 26 closes as it is urged 

5 downward against the flange 51 by compressed gas or 

hydraulic fluid introduced through the upper port 61. The 

compressed gas or hydraulic fluid eventually contacts the 

upper surface of the annular member 9, which actuates the 

isolation valve 26. The centrate outlet port valve 33 for 

10 the centrate outlet port 32 is also closed manually or by an 

automatic valve control assembly during solids discharge 

mode. The isolation valve 26 is described in greater detail 

below with reference to Figure 11, which shows the upper 

portion 19 of the separator during the solids discharge 

15 mode.  

The solids discharge mode begins in the upper portion 

19 of the separator when the piston 12 is urged axially 

downward. At the separator lower end region 39, the pumping 

mode begins as the residual divert valve 92 is rotated from 

20 its closed position by the residual divert valve actuator 

114. The valve actuator 114 rotates the residual divert 

valve about axis 6 in response to, for example, fluid 

pressure. After the solids divert piston 90 has been 

lowered along the vertical axis 41 from contact with the 

25 residual divert valve 92, the valve 92 is preferably rotated 

900 from its closed position. The solids divert piston 90 

is then urged upward along the vertical axis 41 as fluid 

such as, for example, compressed gas or hydraulic liquid is 

applied through the actuator port 112 to act on a lower 

30 surface of the annular flange 110. Movement of the solids 

divert piston 102 may also be controlled by fluid pressure 

introduced through the control port 113, which can act in 

concert with the actuator port 112. The control port 113 
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allows fluid to contact the upper surface of the annular 

flange 110. The solids divert piston 102 is then urged 

upward when pressure acting against the upper surface of the 

annular flange 110 is less than that acting against its 

5 lower surface.  

As shown, the solids divert piston 102 is urged axially 

upward such that the solids divert valve 90 is held in gas

tight communication with the opening 76 at the bottom of the 

separator bowl 10. The interface of the solids divert valve 

10 90 and the bowl opening 76 can also be sealed by seals 

disposed therebetween comprising components such as, for 

example, PTFE or TEFLON-based (E. I. du Pont de Nemours and 

Company, 1007 Market Street, Wilmington, Delaware 19898) 

elastomeric materials such that any solids pumped from the 

15 bowl 10 will not become contaminated by contact with the 

surrounding environment. A sealed interface also prevents 

accumulated solids 70 from being lost during recovery.  

Accumulated solids 70 pushed through the opening 76 in 

the bottom of the bowl 10 pass into the solids passage 104 

20 disposed partially within the solids divert piston 102 below 

the solids divert valve 90. The solids passage 104 extends 

beyond the lowermost end of the piston 102 leading into the 

solids outlet port 106. As described above, the solids 

outlet port valve 107 for outlet port 106 is opened prior to 

25 discharge such that the pumped solids can pass through the 

outlet port and valve 106, 107 to exit the separator. The 

solids outlet port and valve 106, 107 can also be configured 

so that the pumped solids may be passed onto another process 

or a storage vessel without further handling by an operator, 

30 which reduces the likelihood of or opportunity for 

contamination.  

Solids discharge is complete when the piston 12 reaches 

the lowermost point of its downward stroke and rests against 
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the inner surface of the conical lower end 17 for the bowl 

10. After the accumulated solids 70 have been discharged 

from the bowl 10, the piston 12 is returned substantially to 

its uppermost position by fluid acting against the lower 

5 conical portion of the piston 12, as shown in Figure 8.  

Fluid such as, for example, compressed gas or hydraulic 

liquid introduced at the driving port 2 in the upper portion 

19 of the separator, which had acted on the upper portion of 

the piston 12, is discontinued before the piston can be 

10 urged upward along the vertical axis 41. Also shown in 

Figure 8 is fluid contacting the lower conical portion of 

the piston 12 after entering the separator through the 

cleaning passage 108 from the cleaning port 111. When the 

solids outlet port valve 107 is closed, the fluid introduced 

15 at the cleaning port 111 eventually passes through the bowl 

opening 76 to urge the piston 12 upward. The separator bowl 

10 may also be cleaned or sterilized-in-place while the 

piston 12 is moved upward or after it has substantially 

reached its uppermost position.  

20 The solids outlet port valve 107 transitions from an 

open to a closed position after the accumulated solids are 

substantially pumped from the separator. The outlet port 

valve 107 remains in a closed position while the piston 12 

is urged upward and throughout the next feed cycle of 

25 operation. Figure 8 further shows that before the lower 

conical portion of the piston 12 is contacted by, for 

example, compressed gas or hydraulic liquid, the isolation 

valve 26 for the centrate case 30 and the centrate outlet 

port valve 33 are opened. Fluid is also no longer 

30 introduced through upper port 61 in the upper portion 19 of 

the separator. Instead, fluid such as, for example, 

compressed gas or hydraulic liquid enters the separator 

through the lower port 4 to eventually contact a lower 
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surface of the annular member 9 disposed about the isolation 

valve 26 so as to open the valve 26. After the upward 

stroke of the piston 12 is complete, the piston is held 

substantially at an uppermost position by frictional forces 

5 between piston seals 56 adjacent the inner wall of the bowl 

10.  

The solids divert piston 102 remains in gas-tight 

communication with the opening 76 at the bottom of the bowl 

10 while the piston 12 is urged upward. The gas-tight 

10 communication is achieved by fluid pressure introduced 

through the actuator port 112, which acts against the lower 

surface of the annular flange 110 disposed about the solids 

divert piston 102. Although fluid such as, for example, 

compressed gas or hydraulic liquid may also enter the 

15 separator at control port 113, the pressure exerted on the 

upper surface of the annular flange 110 would be less than 

that acting against its lower surface to maintain the gas

tight communication. It could also be preferable for the 

control port 113 to not introduce fluid to the upper surface 

20 of the annular flange 110 such that the actuator port 112 

would entirely control the movement of the solid divert 

piston 102.  

When the piston 12 substantially reaches its uppermost 

position, the solids divert valve 90 is drawn downward along 

25 the vertical axis 41 in response to movement by the solids 

divert piston 102 such that the residual divert valve 92 can 

be rotated to its closed position about the rotational axis 

6. The residual divert valve 92 is rotated closed by the 

residual divert valve actuator 114. The solids divert 

30 piston 102 can be lowered by discontinuing or reducing the 

fluid pressure previously applied at actuator port 112.  

Movement of the solids divert piston 102 may also be 

controlled by fluid pressure introduced through the control 
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port 113, which can act in concert with the actuator port 

112. The control port 113 allows fluid such as, for 

example, compressed gas or hydraulic liquid to contact the 

upper surface of the annular flange 110. The solids divert 

5 piston 102 is then urged downward when pressure acting 

against the upper surface of the annular flange 110 is 

greater than that acting against its lower surface.  

Figure 9 illustrates the lower end region 39 of the 

separator in greater detail with the residual divert valve 

10 92 returned to its closed position. Although not shown, the 

piston has been returned substantially to its uppermost 

position within the bowl. As described above, the piston 

can be held in an uppermost position by frictional forces 

between the piston seals adjacent the inner wall of the 

15 bowl. In Figure 9, the solids divert valve 90 is held 

upward against the lower surface of the residual divert 

valve 92 by the solids divert piston 102. As shown, fluid 

such as, for example, compressed gas or hydraulic liquid 

introduced at the actuator port 112 acts against a lower 

20 surface of the annular flange 110 disposed about the divert 

piston 102 to urge it upward along a vertical axis 41.  

Although the solids discharge mode has been completed, 

solids can remain in the solids passage 104 of the piston 

102. To remove the remaining solids, fluid such as, for 

25 example, compressed gas or hydraulic liquid is introduced 

through the cleaning port 111 of the cleaning passage 108, 

while the solids outlet port valve 107 is open.  

The cleaning passage 108 and port 111 extend beyond the 

lowermost end of the solids divert piston 102, with the 

30 cleaning passage partially disposed within the piston 102.  

The cleaning passage 108 is also in communication at its 

uppermost end with the solids passage 104 of the piston 102.  

This communication permits fluid introduced at the cleaning 
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port 111 to pass through the cleaning passage 108 and into 

the solids passage 104. The fluid pushes the remaining 

solids in the passage 104 toward the solids outlet port 106, 

when the solids outlet port valve 107 is open. As described 

5 above, when the solids outlet port valve 107 is closed, the 

cleaning passage 108 and port 108 operate to urge the piston 

12 axially upward and return it substantially to an 

uppermost position for the next feed cycle of operation.  

As shown, the solids passage 104 is in communication 

10 with the solids outlet port 106 such that any remaining 

solids in the passage 104 can exit the separator by passing 

through the solids outlet port valve 107. The solids outlet 

port 106 may pass the recovered solids onto another process 

or a storage vessel without further handling such as, for 

15 example, by an operator. The cleaning passage 108 and port 

111 can also be used to clean or sterilize the solids 

passage 104 and solids outlet port 106 and valve 107. Such 

clean-in-place or sterilize-in-place processes are 

convenient for preparing the centrifugal separator for the 

20 next cycle of operation. These processes also increase the 

solids recovery yield and can reduce the likelihood of or 

opportunity for contamination.  

Figure 10 illustrates the upper portion 19 of the 

separator in greater detail during the feed mode of 

25 operation with the isolation valve 26 in an open position.  

In the feed mode, as described above, the piston 12 is held 

at its uppermost position by fluid pressure from the feed 

liquid as well as frictional forces between piston seals 56 

adjacent the inner wall of the bowl 10. As shown, the 

30 isolation valve 26 can be urged open or closed by movement 

upward or downward, respectively, along the vertical axis 

41. The isolation valve 26 is urged upward by, for example, 

compressed gas or hydraulic liquid acting against the lower 
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surface of the annular member 9 disposed about the valve 26.  

The compressed gas or hydraulic liquid is provided to the 

lower surface of the annular member 9 through the lower port 

4.  

5 Figure 10 also shows optional seals 140 for the 

centrate valve 34 and seals 145 for the piston 12.  

Preferably, the seals 145 can prevent clarified liquid from 

flowing between the piston 12 and the interior surface of 

the separator bowl 10. As described above, seals 140 can be 

10 used so as to prevent solids from entering the centrate case 

30 during the downward movement of the piston 12 in the 

solids discharge mode. Seals 145 can allow the bowl 10 

above the piston 12 to become and remain pressurized such 

that the piston can be efficiently urged downward by fluid 

15 pressure during the solids discharge mode. The invention 

also contemplates additional seals that can be used in any 

one of the embodiments of the invention.  

Also shown in Figure 10 is the isolation valve 26 

separated from flange 51 such that the piston 12 and bowl 10 

20 can freely rotate without significant mechanical wear. With 

the isolation valve in an open position, the centrate 70 is 

allowed to enter the centrate case 30 by passing through the 

centrate discharge opening 74. The centrate 70 eventually 

exits the separator after it passes through the centrate 

25 outlet port 32 and the centrate outlet port valve 33, which 

is also maintained in an open position in the feed mode.  

The centrate outlet port valve 33 may be opened manually or 

by an automated valve control.  

Figure 11 illustrates the upper portion 19 of the 

30 separator in greater detail during the solids discharge mode 

of operation. As shown, the isolation valve 26 can be urged 

open or closed by movement upward or downward, respectively, 

along the vertical axis 41. The isolation valve 26 is urged 
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downward by fluid such as, for example, compressed gas or 

hydraulic liquid acting against the upper surface of the 

annular member 9 disposed about the valve 26. The fluid is 

provided to the upper surface of the annular member 9 

5 through upper port 61. Prior to the solids discharge mode, 

fluid introduced to the lower surface of the annular member 

9, maintaining the isolation valve 26 open, is preferably 

discontinued. The bowl 10 and piston 12 are also no longer 

rotating such that the isolation valve 26 can then rest 

10 against the flange 51.  

With the isolation valve 26 in contact with the flange 

51 and, as described above, the centrate outlet port valve 

33 closed, the centrate case 30 and the section of the bowl 

10 above the upper portion of the piston 12 disposed therein 

15 can be pressurized. Pressurization of the centrate case 30 

and the section of the bowl 10 above the upper portion of 

the piston 12 occurs as fluid such as, for example, 

compressed gas or hydraulic liquid is introduced to the 

separator at the driving port 2. The fluid does not exit 

20 the centrate case 30 or the bowl 10 due to the gas-tight 

agreement between the valve 26 and flange 51. A seal made 

of components such as, for example, PTFE or TEFLON-based (E.  

I. du Pont de Nemours and Company, 1007 Market Street, 

Wilmington, Delaware 19898) elastomeric materials can also 

25 be disposed on the valve 26 to seal its interface with the 

flange 51. For example, in one embodiment, such as the seal 

associated with the valve 26 can prevent clarified liquid 

from passing into the separator housing 13.  

As the centrate case 30 and the section of the bowl 10 

30 above the piston 12 pressurizes, the isolation valve 26 is 

maintained closed against the flange 51. Pressurization of 

the centrate case 30 and the section of the bowl 10 above 

the upper portion of the piston 12 eventually provides a 
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greater pressure above the piston 12 than below its lower 

conical portion. The difference in pressure causes the 

piston 12 to be urged downward along the vertical axis 41 as 

fluid contacts the upper portion of the piston. The 

5 downward axial movement of the piston 12, as described above 

and shown in Figure 7, pushes any accumulated solids 72 

along the inner wall of the bowl 10 through an opening 76 in 

its conical lower end 17.  

The following table is presented to more fully 

10 characterize and describe the modes of operation for the 

various embodiments of the invention described above. TABLE 

I provides, by way of example only, the position or 

configuration of the isolation valve 26, centrate valve 34, 

centrate outlet port valve 33, solids outlet port valve 107, 

15 solids divert valve 90 and residual divert valve 92 during 

the feed and the solids discharge mode of operation for the 

separator of Figure 1. TABLE I also provides, by way of 

example only, the position or configuration of each valve of 

the separator in Figure 1 when centrate drains from the 

20 bowl, the piston is returned substantially to an uppermost 

position following solids discharge and when the separator 

of Figure 1 is cleaned or sterilized-in-place. The valves 

26, 34, 33, 107, 90, 92 are each shown in the separator 

illustrated by Figure 1. TABLE I-is not intended in any way 

25 to otherwise limit the scope of the disclosure or any 

particular embodiment of the invention.  
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TABLE I 

Mode Of Isolation Centrate Centrate Solids Solids Residual 
Operation Valve Valve Outlet Outlet Divert Divert 

Port Port Valve Valve 
Valve Valve 

Feed Open Open Open Closed - Closed 

Discharge Closed Closed Closed Open Upward Rotated 

Drain Open Open Open Closed - Closed 

Piston Open - Open Closed Upward Rotated 

Clean - - - Open - Closed 

While the present invention has been described in 

conjunction with a preferred embodiment, one of ordinary 

5 skill in the art, after reading the foregoing specification, 

will be able to effect various changes, substitutions of 

equivalents and other alterations to the compositions, 

articles, methods and apparatuses set forth herein. For 

example, fluid pressure may be replaced in other embodiments 

10 by, without limitation, an electromechanical force.  

Similarly, the lower portion and end of the piston and bowl, 

respectively, may not be conical in shape, although it is 

preferable for solids recovery that their shapes be 

complimentary.  

15 Moreover, the invention also contemplates that the 

various passages, valves, pistons, actuators, assemblies, 

ports, members and the like described herein can be in any 

configuration or arrangement that would be suitable for 

operation of a centrifugal separator. The embodiments 

20 described above may also each include or incorporate any of 

the variations of all other embodiments. For example, the 

laser sensor assembly described herein can be used in 

conjunction with any or all of the embodiments of the 

present invention. It is therefore intended that the 

25 protection granted by Letter Patent hereon be limited only 
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by the definitions contained in the appended claims and 

equivalents thereof.  
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Claims as defined in the invention are as follows: 

1. A solids discharge assembly for a centrifugal 

separator, comprising: 

5 a piston movably disposed against an inner surface of a 

bowl for a separator, the piston comprising an upper portion 

and a lower portion; 

a driving port operative for introducing fluid into the 

bowl above the upper portion of the piston, wherein 

10 increased fluid pressure in the bowl above the upper portion 

of the piston relative to that below the lower portion of 

the piston causes the piston to move within the bowl; and 

a valve in an upper end region of the separator, 

wherein the valve is operable to enable pressurization of 

15 the bowl above the upper portion of the piston, and wherein 

the valve is actuated in response to fluid pressure applied 

against an annular member operably associated with the 

valve.  

20 2. The solids discharge assembly for a centrifugal 

separator of claim 1, wherein during a solids discharge mode 

of operation introduction of fluid into the bowl above the 

upper portion of the piston causes the piston to push solids 

accumulated along the inner surface of the bowl.  

25 

3. The solids discharge assembly for a centrifugal 

separator of claim 1, further comprising a port operative 

for introducing fluid into the bowl below the lower portion 

of the piston, wherein increased fluid pressure in the bowl 

30 below the lower portion of the piston relative to that above 

the upper portion of the piston causes the piston to move 

within the bowl.  
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4. The solids discharge assembly for a centrifugal 

separator of claim3, wherein introduction of fluid into the 

bowl below the lower portion of the piston causes the piston 

to move toward an upper end of the bowl.  

5 

5. A centrifugal separator, comprising: 

a cylindrical bowl for a separator having a lower end 

with an opening, the bowl being operative during a feed mode 

of operation to rotate at a high speed to separate solids 

10 from feed liquid, wherein solids accumulate along an inner 

surface of the bowl; 

a solids discharge assembly comprising 

a piston movably disposed against an inner surface 

of a bowl, the piston comprising an upper portion and a 

15 lower portion; 

a driving port operative for introducing fluid 

into the bowl above the upper portion of the piston, wherein 

increased fluid pressure in the bowl above the upper portion 

of the piston relative to that below the lower portion of 

20 the piston causes the piston to move within the bowl; 

a valve in an upper end region of the separator, 

wherein the valve is operable to enable pressurization of 

the bowl above the upper portion of the piston; and 

a first valve member, wherein the first valve 

25 member defines a drain passage, the drain passage operative 

to permit liquid to drain from the opening in the bowl when 

the first valve member is in a closed position.  

6. The centrifugal separator of claim 5, wherein during a 

30 solids discharge mode of operation introduction of fluid 

into the bowl above the upper portion of the piston moves 

the piston axially downward with respect to the bowl.  
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7. The centrifugal separator of claim 5, wherein the first 

valve member defines a feed passage, the feed passage 

cooperating with the opening in the bowl during the feed 

mode of operation to permit feed liquid to be injected into 

5 the bowl.  

8. The centrifugal separator of claim 5, further 

comprising a port operative for introducing fluid into the 

bowl below the lower portion of the piston, wherein 

10 increased fluid pressure in the bowl below the lower portion 

of the piston relative to that above the upper portion of 

the piston causes the piston to move within the bowl.  

9. The centrifugal separator of claim 8, wherein the valve 

15 is actuated in response to fluid pressure applied against an 

annular member operably associated with the valve.  

10. A centrifugal separator, comprising: 

a cylindrical bowl for a separator having a lower end 

20 with an opening, the bowl being operative during a feed mode 

of operation to rotate at a high speed to separate solids 

from feed liquid, wherein solids accumulate along an inner 

surface of the bowl; 

a solids discharge assembly comprising 

25 a piston movably disposed against an inner surface 

of a bowl, the piston comprising an upper portion and a 

lower portion, and 

a driving port operative for introducing fluid 

into the bowl above the upper portion of the piston, wherein 

30 increased fluid pressure in the bowl above the upper portion 

of the piston relative to that below the lower portion of 

the piston causes the piston to move within the bowl; 
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a first valve member proximate to the opening of the 

bowl, the first valve member operatively coupleable to a 

valve actuator for rotating the first valve member about a 

rotational axis; 

5 a second valve member cooperating with a lower surface 

of the f irst valve member when the first valve member is in 

a closed position; 

a valve piston having an uppermost end at which the 

second valve member is proximately disposed, the valve 

10 piston operative to move the second valve member with 

respect to the bowl.  

11. The centrifugal separator of claim 10, wherein during a 

solids discharge mode of operation the valve piston moves 

15 the second valve member upward along a vertical axis to 

cooperate with the opening in the bowl.  

12. The centrifugal separator of claim 10, wherein during 

the feed mode of operation the first valve member is in the 

20 closed position defining a feed passage cooperating with the 

opening in the bowl to permit feed liquid to be injected 

into the bowl.  

13. The centrifugal separator of claim 10, wherein the 

25 first valve member defines a drain passage, the drain 

passage operative to permit liquid to drain from the opening 

in the bowl by gravity when the first valve member is in the 

closed position.  

30 14. The centrifugal separator of claim 10, wherein a first 

passage is partially disposed within the valve piston, the 

first passage cooperating with the second valve member at 

the uppermost end of the valve piston, whereby the opening 

2500295_1 (GHMatters) 7/12/10



- 53 

in the bowl and the first passage are configurable to enable 

solids from the bowl to pass through the first passage 

during a solids discharge mode of operation.  

5 15. The centrifugal separator of claim 14, wherein the 

first passage cooperates with a second passage partially 

disposed within the valve piston, whereby fluid introduced 

through a port for the second passage enters the first 

passage to contact solids therein, when a valve member of 

10 the first passage is open.  

16. The centrifugal separator of claim 10, wherein an 

annular flange is disposed about the valve piston, whereby 

the valve piston moves in response to fluid pressure applied 

15 against the annular flange.  

17. The centrifugal separator of claim 10, wherein a first 

passage is partially disposed within the valve piston, the 

first passage cooperating with the second valve member at 

20 the uppermost end of the valve piston and a second passage 

partially disposed within the valve piston.  

18. The centrifugal separator of claim 17, wherein when a 

valve member of the first passage is closed, fluid 

25 introduced through a port for the second passage enters the 

bowl below the lower portion of the piston, whereby 

increased fluid pressure in the bowl below the lower portion 

of the piston relative to that above the upper portion of 

the piston causes the piston to move within the bowl toward 

30 an upper end thereof.  

19. A method for discharging solids from a centrifugal 

separator, comprising: 
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providing a solids discharge assembly, the solids 

discharge assembly comprising 

a piston movably disposed against an inner surface 

of a bowl for a separator, the piston comprising an upper 

5 portion and a lower portion and 

a driving port operative for introducing fluid 

into the bowl above the upper portion of the piston, wherein 

increased fluid pressure in the bowl above the upper portion 

of the piston relative to that below the lower portion of 

10 the piston causes the piston to move within the bowl, and 

a valve in an upper end region of the separator, 

wherein the valve is operable to enable pressurization of 

the bowl above the upper portion of the piston, and wherein 

the valve is actuated in response to fluid pressure applied 

15 against an annular member operably associated with the 

valve; and 

introducing fluid through the driving port to increase 

fluid pressure in the bowl above the upper portion of the 

piston relative to that below the lower portion of the 

20 piston to cause the piston to move within the bowl; and 

discharging from the bowl solids accumulated along the 

inner surface thereof.  

20. The method of claim 19, further comprising injecting 

25 feed liquid into the bowl to separate solids therefrom by 

high speed rotation of the bowl, prior to introducing fluid 

through the driving port.  

21. The method of claim 19, further comprising returning 

30 the piston substantially to an uppermost position by 

introducing fluid into the bowl below the lower portion of 

the piston to increase fluid pressure in the bowl below the 

lower portion of the piston relative to that above the upper 
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portion of the piston so as to cause the piston to move 

within the bowl, after discharging from the bowl solids 

accumulated along the inner surface thereof.  

5 22. A method for discharging solids from a centrifugal 

separator, comprising: 

providing a centrifugal separator, the centrifugal 

separator comprising 

a cylindrical bowl for a separator having a lower 

10 end with an opening, the bowl being operative during a feed 

mode of operation to rotate at a high speed to separate 

solids from feed liquid, wherein solids accumulate along an 

inner surface of the bowl, 

a solids discharge assembly comprising a piston 

15 movably disposed against an inner surface of a bowl, the 

piston comprising an upper portion and a lower portion, and 

a driving port operative for introducing fluid into the bowl 

above the upper portion of the piston, wherein increased 

fluid pressure in the bowl above the upper portion of the 

20 piston relative to that below the lower portion of the 

piston causes the piston to move within the bowl, 

a first valve member proximate to the opening of 

the bowl, the first valve member operatively coupleable to a 

valve actuator for rotating the first valve member about a 

25 rotational axis, 

a second valve member cooperating with a lower 

surface of the first valve member when the first valve 

member is in a closed position, and 

a valve piston having an uppermost end at which 

30 the second valve member is proximately disposed, the valve 

piston operative to move the second valve member with 

respect to the bowl; 
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introducing fluid through the driving port to increase 

fluid pressure in the bowl above the upper portion of the 

piston relative to that below the lower portion of the 

piston to cause the piston to move within the bowl; and 

5 discharging from the bowl solids accumulated along the 

inner surface thereof.  

23. The method of claim 22, further comprising returning 

the piston substantially to an uppermost position by 

10 introducing fluid into the bowl below the lower portion of 

the piston to increase fluid pressure in the bowl below the 

lower portion of the piston relative to that above the upper 

portion of the piston so as to cause the piston to move 

within the bowl, after discharging from the bowl solids 

15 accumulated along the inner surface thereof.  

24. A solids discharge assembly for a centrifugal 

separator, a centrifugal separator, or a method 

substantially as herein described with reference to one or 

20 more of the drawings.  
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