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3,194,492 
PRESSJR.A.EE CENTREFJGE 

Rickard A. Exoffinke, 638 €onnoia St., Walpole, Mass, 
and Horace F. Cook, 33 Leonard St., Foxboro, viass. 

Filed State 28, 1962, Ser. No. 205,987 
6 Caingas. (C. 233-7) 

This invention relates to centrifugal separators for 
eparating solids from liquids to produce dry solids or 

to clarify liquid, and more particularly to the provision 
of pressurized separator constructions capable of sepa 
rating solid particles of sizes ranging from /8 inch long 
and larger down to the micron range continuously for an 
extended period. 
Many processes for producing pharmaceuticals, food 

products, synthetic resins, metals, etc., are greatly im 
proved and some absolutely require conducting a solids 
liquid separation under high pressure, by which we mean 
pressures above 15 p.s. i. gauge, ranging upwardly of 75 
and 150 p.s. i. gauge. Such high pressures prevent certain 
materials dissolved in liquids from precipitating to con 
taminate the solids and also enable heating of the liquid 
to obtain the low slurry viscosities needed for centrifugal 
separation. 

It is very desirable that any centrifugal separator con 
struction be universal, suitable without major alteration, 
for a wide range of these processes and that it be capable 
of operation over an extended period without repairs on 
the order of 10,000 hours and more. Otherwise, the 
costs of construction and maintaining such machines is 
greatly increased. 
A completely satisfactory pressurized separator has not 

been produced because of the unique sealing and leakage 
problems that occur at the point where the separator 
driving shaft passes between the atmosphere and the 
pressurized casing. Solid particles are always dispersed 
in the pressurized processing fluids within the casing and 
any outward leakage would cause these particles to de 
posit in the seals and cause them to wear out quickly. 
Furtheromore, processing gases are often explosive, 
noxious or very expensive, and their loss to the atmos 
phere cannot be tolerated. On the other hand, leakage of 
sealing liquids into the casing from a buffer seal chamber 
cannot be tolerated where the liquids are inconapatable : 
with the process, and in many instances such liquids that 
are compatible are also noxious, volatile, or expensive, 
which makes the use of liquid as a sealant unsatisfactory 
for a universal pressurized separator. 

Small quantities of dry inert gas such as nitrogen, or 
argon can be tolerated by almost all processes, but resort 
to such gas as a sealing fluid in a seal chamber has appeared 
to raise more problems than it solves. Gas is extremely 
difficult to seal against excessive leakage into the process 
and to the atmosphere, and it has been considered pro 
hibitively expensive to provide a seal construction which 
has universal application and can last the thousands of 
hours required in continuously operating separators. 
Labyrinth and other clearance seals are out of the ques 
tion because of excessive leakage. In "contact' seals for 
dry gas (by which we mean seals which maintain low 
friction contact between a member carried by a shaft and 
a stationary member fixed or sealed to the casing for pri 
mary sealing), if the relatively moving parts are pressed 
too tightly together, since there is no liquid lubrication, 
the seal will be destroyed within a few hundred hours but 
if held too lightly, the parts will allow unduly large 
quantities of gas to pass into the separator casing, which 
wastes the expensive gas, and sometimes can disrupt. the 
process or require special equipment to remove. For 
contact seals, the primary sealing surfaces must therefore 
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be subjected to a critical light loading which appeared 
inpractical for the long life requirements of numerous 
processes in which centrifugal separators are employed. 
Furthermore, the ordinary face contact seals for gas are 
eXtremely expensive to manufacture. 

In addition to the foregoing problems which apply to 
any pressurized centrifuge, there have been further un 
solved problems with regard to the solid walled bowl, 
internal conveyer type centrifuges which are especially 
preferred where it is necessary to continuously produce 
virtually dry solids. One of these problems is that such 
centrifuges require two horizontal, concentric high-speed 
trunnions operating at different speeds, the outer one 
carrying the bowl, and the inner one carrying a screw 
conveyer. Here the sealing problem is not merely to seal 
the outside of the bowl trunnion to the casing, but 
also to insure that the process gas and solids do not 
escape between the trunnions. Also, with such centri 
fuges, any seal that is employed should be of small 
size as the length and mass of the moving elements not 
only contribute to the expense of the machine but also 
limit the speed at which it can operate. 
These solid bowl continuous centrifuges in small sizes, 

e.g. 10 gallons per minute rating or less, are preferably 
of the overhung type in which the bowl and conveyer ex 
tend as a cantilever into the casing, supported from only 
one end. In such constructions casing gas pressure will 
impose a substantial axial thrust upon the horizontal 
trunnion, which had been theught to dictate a complete 
redesign of prior machines to enable high pressure op 
eration, to incorporate main thrust bearings, which would 
add greatly to the expense of Such centrifuges. 
The principal object of the present invention is to sur 

mount or avoid all of these problems. 
The invention provides a means for adapting centrifugal 

separators of the various basic designs so that they can 
be employed over a wide range of processes and pres 
Sures, employing a gas sealing system which has long 
seal wear life, is inexpensive to repair and has the re 
quired low leakage into the process and to the atmosphere. 
In particular, the invention enables loading of the seal 
to the exact desired amount with controlled fine adjust 
ment to properly seat the seal, independent of the actual 
pressure of the process. 
Another aspect of the invention is an extremely eco 

nomical means in solid bowl separators for sealing be 
tween the conveyer and bowl trunnions to prevent leak 
age and passage of solids between them, thus making it 
possible to use the solid bowl centrifuge design in high 
pressure processes with the resulting advantages of dryer 
solids and greater efficiency in many instances. 
Yet another aspect of the invention is a means for 

eliminating the thrust effects of casing pressure upon 
horizontal overhung solid bowl centrifuges, thus permit 
ting the use of high speed radial ball main bearings and 
avoiding the necessity of re-designing such centrifuges for 
pressure operation. 

Yet another aspect of the invention is the combination 
of features which permits the use of small, circumferential 
contact primary gas seals at the point where seals are most 
likely to fail, thus making their renewal extremely less ex 
pensive than would be the case if the seals were of the 
face contact design. 
We have realized that the controlling consideration for 

producing a successful high pressure, universal centrifuge 
lies in the variable nature of the pressures which can oc 
cur in separator casings. The seal chamber has a seal at 
the casing which should be designed for a low pressure 
drop, i.e., 5-15 p.s. i., and if the pressure differential across 
this seal is allowed to exceed the design pressure by much, 
the seal life is drastically effected and excessive leakage 
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occurs. Not only do different processes require different 
pressures, but for any process over an extended period of 
operation, pressures may not be kept constant but may 
vary as much as from /2 to 2 times design pressure. The 
sealing chamber on the shaft at the point it extends from 
the casing must contain buffer gas at a higher pressure 
than the casing to prevent solids from entering the seal. 
We have solved this problem by regulating the buffer 

gas pressure by the casing pressure, producing a constant 
pressure drop across the seal regardless of the actual value 
of the casing pressure. Then the seal can be designed so 
that the gas forces act in a predictable manner and the 
loading resulting from the differential gas pressure can be 
minimized, which maximizes seal life. 
By making the pressure regulator adjustable, we have 

provided for slight adjustments in the field to initially prop 
erly seat the seals and accommodate the different kinds. 
of buffer gas that may be employed, since certain gases are 
more difficult to seal than others. 
A further and very important aspect of the invention is 

our discovery that by so regulating the buffer gas pressure, 
we are able to use a seal having a circumferential area 
primary seal Surface. This type of seal is presently mass 
produced for use in jet engines, for a useful life of on the 
order of 500 hours in sealing oil bearings, and is therefore 
inexpensive. Its durability is extremely subject to pressure 
drop. Despite its advantages of very low cost and Sinail 
size relative to the so-called face seals, it has never found 
use in centrifugal separators. We have found, however, 
that the foregoing regulation of buffer gas pressure en 
ables its successful use. 

This sealing system has particular merit in combination 
with the solid bowl separator, with a second gas sealing 
chamber provided between the two shafts and with this 
chamber communicating with the outer one, so that the 
pressure in both is regulated by the casing pressure. 

Also, we have found that by the use of casing pressure 
regulated fluid pressure applied to the outer end of the 
bowl trunnion, we can totally compeii:sate for the thrust 
applied by the casing pressure whatever its value may be, 
so that only high speed radial ball bearings need be en 
ployed as the main bowl trunnion bearings, enabling the 
use of the simple existing separator designs. 
We have also provide a particularly efficient control sys 

tem for fluid balancing and sealing whether liquid or gas 
as well as a particularly efficient combination of buffer gas 
system and seal design for small centrifugal Separators. 
The invention is illustrated by the preferred embodi 

ment of a small solid-walled bowl, concentric trunnion, 
overhung type pressurized centrifuge. 

In the drawings: 
FIG. 1 is a partially sectional and partially diagrain 

matic side view of the separator; - 
FIG. 2 is a side sectional view, on a larger Scale, of the 

seal construction employed by the machine of FiG. 1; 
FIG. 3 is a partially broken away perspective view, on 

a still further magnified scale of the circumferential Sea 
ing member incorporated in the seal construction of 
FiG. 2. . 
Referring to FIG. 1, the centrifuge comprises a station 

ary housing 12, two concentric, horizontal axis rotating 
elements: a solid wall bowl 4 and a hollow hub. Screw 
conveyor 16 with blade tips 17 shaped to fit closely to the 
contour of the solid bowl. High pressure process gas and 
feed slurry are introduced within the conveyor hub 
through stationary pipe 18 and passes under the action of 
centrifugal force through the holes 26 into the space be 
tween the conveyer and the bowl. 
against the bowl, and the solids settle next to the Wall. 
The liquid flows outwardly at one end over a Weir 22, and 
the conveyer 16, which is caused to rotate at a speed slight 
ly different than that of the bowl by the differential gear 
unit 24, causes the solids to move up the inclined portion 
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The bowl and conveyor are overhung in that they are 
each supported from only one end, the bowl i4 being Sup 
ported by bowl trunnion 39 and the conveyer supported 
by conveyer trunnion 32 mounted concentrically within 
the bowl trunnion. Two spaced-apart main bearing 
pedestals 34 and 36 are provided, each supporting a high 
speed radial ball bearing 38, 39, respectively, which sup 
port the bowl trunnion. The housing for the planetary 
gear unit 24 is fixed to the bowl shaft between the high 
speed bearings. The conveyor trunnion 32 which turns 
slowly with respect to the bowl trunnion 38 is supported 
relative to the bowl trunnion by a pair of thrust bearings 
40 and a bushing i5. - 
A flat drive belt 42 drives the bowl trunnion 38 and 

the affixed gear unit 24, and a planetary gear ratio control 
shaft 44 controls the differential in speed between the 
bowl trunnion 38 and the conveyor trunnion 32 that is 
produced by the gear unit. 
At the point where the trunnions 30 and 32 extend out 

of the casing 32, a sealing chainber 46 is provided, Sur 
rounding the bowl trunnion 369, A second sealing cham 
ber 48 is provided between the bow trunnion and the con 
veyer trunnion 32, and passages 56 communicate between 

30 

- 40 

the two seal chaimbers. A casing pressure conduit 52 is 
connected to the interior of casing 32, and extends to con 
trol a pressure relay device 54. The inlet conduit 55 of 
this relay is adapted to be connected to a source 58 offiuid, 
here an inert gas, at a steady pressure substantially above 
the casing pressare, and the citet 69 from the relay 
Coniprises a reference, pressure conduit adapted to actuate 
the regitatoi's to be described. The relay 54 is controiled 
by the casing pressure and reduces the fliid pressure from 
conduit 55 to equai the casing pressure in line 52, so that 
reference conduit 68 contains fliid that can be less noxious 
and expensive than the casing gas, but at the same pres 

The reference pressure conduit 60 branches and 
connects to two pressure regulators 62 and 64. The regu 
lator 62 is connected to inlet conduit 65, which is adapted 
to be connected to a source of sealing gas at a steady pres 
Sure Substantially in excess of the casing pressure. This 
regulator discharges through conduit 55 to seal chanbe 
45. Regulator. 62 is controlled by the reference pressure 

Sc. 

in conduit 60 to produce in conduit 65 a pressure greater 
by a Sinail, steady increment over that of the casing pres 
Sure, regardless of what the casing pressure is or how it 
fluctuates. The regulator 62 has handle 67 which enables 
the adjustment of the reduction ratio of the regulator over 
a range of Super-casing pressures to enable changing the 
loading of the seal chamber to adjust the contact of seal 
ing Surfaces, and to controi leakage. 
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The slurry is forced 

70 

14 of the bowl to a level 26 spaced radially inwardly from . 
the weir 22, at which point the bowl ends and the solids 
by centrifugal force are discharged through outlet 28. 

At the outer end 3i' of the bowl shaft, a balancing 
charaber 63 is defined, adapted to contain a balancing fluid 
to exert inward pressure upon the end surfaces 7, 72 and 
74 of the bowl trinaion. in this embodiment the total 
area of these end surfaces equals the surn of the cross 
Sectional areas of the bowl and conveyer trushnions where 
they extend out of the pressurized casing, at 75. The sec 
Ondi branch of the reference pressure conduit is connected 
to regulator 64. The regulator. has an inlet conduit 78 
adapted to be connected to a source of fluid 88 at a steady 
pressure substantially in excess of the casing pressure. 
The regulator 64 is adapted to discharge through conduit 
32 to the balancing chainber 68. The regulator 64 is 
controlled by the reference pressure of conduit 60 to pro 
duce in conduit 82 a pressure exactly the same as the refer 
ence and casing pressures. Regulator 64 is preferably not 
adjustable to insure that the balancing effect cannot be 
disturbed. - . . . . . . - 

Referring now to FIGS. 2 and 3, the sealing chamber 
46 Which Strounds the bowl trunaion 39 is defined on the 
trunnion side, by a hard cylindrical sleeve 33 which is 
secuted to the bowl trunnion. A low pressure differentiai, 
circuinferential primary seal is effected between this sleeve 
and sealing ring assembly 34 at point 85. The ring aiso 
makes-a secondary seal at 88 with a wall 98, the mating 
Surfaces of face Seal 88 being maintained in contact by 
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spring 92. The wall 90 on one side is exposed to the 
casing pressure, and on the other side defines one end of 
the seai chamber. The opposite end of the seal chamber 
is defined by a hard annular ring 94 sealed and secured to 
bowl trunnion 30, and carbon sealing ring 96 forming 
a face seal 98 with ring 94. Sealing ring 96 is supported 
by a resiliently expansible bellows 90 which is fixed at 
its opposite end to extension 102 of wall 90. The expan 
sible bellows defines with the other surfaces a chamber 
which extends from the low pressure differential seal hav 
ing primary sealing at 86 and secondary sealing at 88 to 
the high pressure differential primary seal 98. The seal 
ing gas supply conduit 66 is connected with this chamber 
and maintains the pressure therein at a slight constant pres 
Sure differential above the casing pressure. 

Referring to Fig. 3, the low pressure differential seal 
ring assembly 84 comprises three segmented carbon rings, 
seal ring 204, back-up ring 08 and cover ring 10. Seal 
ring 8.3 has a cylindrical sealing dan 36' at the portion 
of its cylindrical surface closest to the casing. This dam 
has an axial length of .020 inch. Buffer pressure slots 106 
extend axially from this dann across the entire remaining 
surface of ring i84, and back-up ring i98. The cover 
ring 8 is mounted on the outer periphery of the seal 
ring, and has the same axial length. A garter spring 112 
having an accurately defined loading effect presses cover 
ring and seal ring down upon the sleeve 33, causing the 
seal dam 36' to engage the sleeve 33 to form primary seal 
86 with the exactly proper force. Garter spring 24 holds 
the back-up ring against the sleeve 33. The curved sur 
faces of both seal ring 34 and back-up ring 68 engage 
the sleeve to position the seal, and to spread the loading 
effects of the springs, but the slots 96 cause the total 
pressure drop to occur across dam 85. In a known man 
ner the narrowness of the dam 36' limits the effective 
forces caused by the pressure differential. Most impor 
tantly, the regulator 62 insures that the pressure differen 
tial of the circumferential primary seal is kept at a substan 
tially constant minimum, to enable the seal to run con 
tinously for the required thousands of hours without wear 
ing out. 
The sealing ring assembly 84 forms the secondary seal 

at 83 by means of a second dam 83' formed in the plane 
face of seal ring 94, against wail 98. Pads 116 position 
the remaining portions of the seal ring and cover ring rela 
tive to wall 90 while allowing the seal pressure to extend 
to darn 88', thereby insuring that the pressure differential 
occurs over only a short length of Seal. - 

Referring back to FIG. 2, the high-pressure-differential 
sealing ring 96 has a dam is positioned in the middle of 
the face of the ring and passages 20 and 22 in con 
junction with grooves 29' and 22' insure that the total 
pressure drop occurs across this dam. This seal is de 
signed for high pressure differential operation, so that a 
change in the casing pressure, and a corresponding change 
in the pressure in the seal chamber results in a much 
smaller percentage change in loading on this seal than in 
the low pressure differential seal, hence less drastic an 
effect on wear. 

Referring again to FIG. 1, the second seal chamber 
defined between the conveyer trunnion 32 and the bowl 
trunnion 30 is formed by an O-ring 24 at the casing end 
of the chamber, and a contact seal E26 at the other end. 
An inexpensive pair of angular contact ball bearings 40 
under the low relative speed conditions between them can 
transfer thrust from the conveyer trunnion to the bowl 
trunnion. 

While a very important advantage of the present inven 
tion is the fact that centrifugal separators can now Success 
fully employ low-pressure-differential gas seals immediate 
ly adjacent the casings, where they are most likely to fail, 
and particularly ones having circumferential primary con 
tact, with the attendant great advantages of low-cost, Small 
size, and ease of replacement, the invention also offers cer 
tain advantages where the sealing fluid is a liquid. 
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6 
It should be understood that various of the specific de 

tails of the invention may be made within its spirit and 
Scope. 
What is claimed is: 
1. In a centrifugal separator comprising 
a pressure casing, 
a solid-walled bowl within said casing, 
a retatably mounted bowl trunnion extending out of 

said casing, said trunnion being hollow and in driv 
ing relation with said bowl, 

a conveyer within said bowl, 
a rotatably mounted conveyer trunnion extending con 

centrically within said bowl trunnion, in driving re 
lation with said conveyer, 

means outside said casing for driving said trunnions 
at high but different speeds, said speeds being suf 
ficient to produce high separating forces in said bowl, 

means for introducing into said casing and said bowl 
a slurry to be separated and a gas to maintain super 
atmospheric pressure in said casing, 

a first fluid sealing chamber surrounding said bowl 
trunnion at the point where it extends out of said 
casing, 

and means for supplying said fluid chamber with seal 
fiuid at a pressure higher than the pressure within 
said casing, 

the improvement comprising, 
a low-pressure-differential fluid contact seal sealing be 
tween said bowl trunnion and said casing against 
leakage from said fluid sealing chamber into said 
casing, 

a high-pressure-differential fluid contact seal sealing 
between a wall of said fluid sealing chamber and 
said bowl trunnion against leakage from said cham 
ber to the atmosphere, 

pressure regulating means for regulating the seal fluid 
pressure in said first fluid sealing chamber, 

control means for controlling said pressure regulating 
means, said control means connected and arranged 
in an exposed relation to said casing pressure, said 
control means connected to said regulating means and 
adapted to operate said regulating means in response 
to said casing pressure, said pressure regulating 
means and said control means constructed and ar. 
ranged to maintain the fluid seal pressure in said 
first fluid sealing chamber at a constant positive pres 
Stare differential above said casing pressure, 

a second fluid sealing chamber defined between said 
trunnions, 

and means connected with said second fluid sealing 
chamber for supplying said chamber with seal fluid 
at a pressure higher than that within said casing. 

2. The centrifugal separator of claim a wherein said 
means for supplying said second chamber with seal fluid 
at a pressure higher than that within said casing com 
prise at least one fluid passage extending from said second 
fluid sealing chamber through said bowl trunnion to said 
first fluid sealing chamber, whereby the pressure in the 
two chambers can be maintained the same. 

3. The centrifugal separator of claim 1 wherein said 
pressure regulating means comprise a pressure regulator, 
a first conduit communicating between said pressure regu 
lator and said means for supplying sealing fluid to said 
first fluid sealing chamber, and a second conduit com 
municating between said pressure regulator and said fluid 
Sealing chamber, and said control means includes third 
conduit means communicating with said pressure regu 
lator and exposed to said casing pressure. 

4. A centrifugal separator comprising, 
a preSSure casing, 
a solid-walled bowl within said casing, 
a rotatably mounted bowl trunnion extending from one 
end of said bowl through said casing to the ex 
terior of said casing, the other end of said bowl 
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terminating within said casing, said trunnion being 
in driving relation with said bowl, 

means for driving said trunnion at a high Speed to 
produce high separating forces in said bowl, 

means for introducing into said casing and said bowl 
a slurry to be separated and a gas to maintain super 
atmospheric pressure in said casing, said pressure 
thereby producing an axial thrust against said bowl 
trunnion relative to said casing, 

sealing means sealing between said bowl trunnion and 
said casing, 

a balancing chamber enclosing a surface of said trun-- 
inion, said surface extending at an angle to the axis 
of rotation of said trunnion in a manner to provide 
an effective piston area to receive an axial force, 
said surface directed away from said bowl, 

means for introducing pressurized fluid into said balanc 
ing chamber to act upon said surface, the force of 
said pressurized fluid thereupon acting to oppose 
said axial thrust against said trunnion. 

pressure regulating means for regulating the pressure 
in said balancing chamber, 

control means for controiting said pressure regulating 
means, said control means connected and arranged in 
an exposed relation to said casing pressure, said con 
trol means connected to said regulating means and 
adapted to operate said regulating means in response 
to said casing pressure, Said pressure regulating 
means and said control means constructed and ar 
ranged to maintain the fluid pressure in said balanc 
ing chamber at a level effective to balance said axial 
thrust against said trunnion. 

5. he centrifugal separator of claim 4 whereini said 
bowl trunnion is hollow and said separator further com 
prises 

a conveyor within said bowl, 
a rotatably mounted conveyor trunnion extending from 

one end of said conveyor through said holiow bowl 
trunnion to the exterior of said casing, the other 
end of said conveyor terminating within said casing, 
said casing pressure thereby producing an axial 
thrust against said conveyor trunnion relative to said 
casing, 

means for driving said conveyor trunnion at a high 
speed slightly different from that of said bowl trun 
nion, 

and thrust bearing means located between said trun 
nions and adapted to transfer to said bowl trunnion 
said axial thrust produced by said casing pressure 
on said conveyer trunnion. 

6. The centrifugal separator of claim 5 wherein said 
Sealing means comprise 

a first fluid sealing chamber surrounding said bowl 
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trunnion at the point where it extends out of said 
casing, - 

means for supplying said fluid sealing channber with 
seal fluid at a pressure higher than the pressure 
within said casing, - 

a low-pressure-differential fluid contact seal sealing be 
tween said bowl trunnion and said casing against 
leakage from said fluid Sealing chamber into said 
casing, . . . 

a high-pressure-differential fluid contact seal sealing be 
tween a Wail of said fluid sealing chainber and said 
bowl trunnion against leakage from said chamber 
to the atmosphere, 

Second pressure regulating means for regulating the 
Seal fitaid pressure in said first fluid sealing chamber, 
Second control means for controlling said second 
preSSure regulating means, said control means con 
nected and arranged in an exposed relation to said 
casing pressure, said control means connected to said 
regulating means and adapted to operate said regul 
lating means in response to Said casing pressure, said 
Second pressure regulating means and said second 
control means constructed and arranged to maintain 
the Seal fluid pressure in said first fluid seating cham 
ber at a constant positive pressure differential above 
Said casing pressure, 

Said separator further conprising a second fuid seal 
ing chamber defined between said trainions, and 
means connected with said Second fluid sealing cham 
ber for supplying said chamber with seal fluid at a 
pressure higher than that within said casing. 
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