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To ail whom it may concern:

Be it known'that we, Wririan L. D’Ormr
and Harry H. Sreezmzxs, citizens of the
United States, residing at Philadelphia, in
the county of PThiladeiphia and State of
Pennsylvania, have invented new and useful
Lwprovements in Centrifugal Apparatus, of
which the following is a specification.

Gur invention relates to centrifugal ap-
paratus, particuiarly centrifugal machines
for the centrifugal separation of solids from
Irquids, liquids from liguids, ete., in fact,
for centrifugal separation of any kind to
which 2 macnine of this type is adapted.

Our invention resides in 8 centrifugal
machine which is adapted to run at particu-
larly high speeds, considering the size of
the machine, for the separation of solids or
semi-solids and the like from sugar solu-
tions, syrups, varnish, or other viscous
finids, or for any centrifugal separation
where excessively high speeds are necessary,
as where the material to be separated from

‘the body of the solution is of only relatively

slightly different specific gravity, or is finely
divided and in suspension in the liguor.
Our invention resides in the features here-
inafter described and claimed. T
For an illusiration of.one of the form:
our invenilon mayv iske, reference is to be
had to the accompanving drawings, in
which:
* Figure 1
and half el

=

nain bearing and
tion talen upon i
parts being

machine may iake. Tig. 2 Is an enlarged
sectional view. similar {o that shown in Fig
1, of the rotaiing bow! and accessories, the
stationavy eurb, sto. 1 is a vertical sec
tional view angd s nal view of the

2.4
2.2 B

bty
"‘:J'
3

47

. B 18 2 view
nd partly in elevatiol of

b
™
9

a speed limit

£ e. ¥ig. 8 is s partially
sectional and part plan view iaken on the

line 6—8, Fi

3

Fig. 7 is a fragmentary
horizontal se al view taken on ithe line
T—7, Fig: 2. Fig. 8 is a {fragmentary hori-
zontal sectiona - talen on the line §—8,
g 2. TFig. 91isa top plan view. partly in
horizontal section, of the® steam turbine.
Fig. 10 is 2 horizontal sectional view, some
parts in plan, of a hand brake. Fig 11isa
view partially in horizontal section and

partly in plan, of means for driving the
speed limit device and oil pump.

Referring to the drawings, & main hanger
or support 1 sustains the weight of the ro-
tating parts of the centrifugal apparatus,
and 1s itself supported by any suitable
means such as beams or the like. The mem-
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ber 1 carries at its upper end a hemispheri- -

cal bearing member 2 in which engages the

‘hemispherical part 3 of a gyratory slebve 4

through vwhich a centrifiigal spindle or
shaft 5 extends. Within the part 3 is o ball

‘85

bearing 6 being a lateral ball bearing for ' -

the spindle 5 upon the part 8. On the inside
of the lower end of the sleeve 4 are the
lateral and vertical ball bearings 7 and 8
respectively; the spindle 5 having lateral
bearings on the ball bearings 6 and 7 and
having a vertical thrust bearing upon the
ball bearings 8 such bearings transmitiing
the load of the spindle 5 and the parts ear-
ried thereby to the gyratory slesve 4, the ro-
tating spindle and fhe parts attached there-
to gyrating with said sleeve 4 upon the
hemispherical bearing 2, 3, it being well
understood in this art that the centrifugal

70
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basket or bowl or drum should be fres to
gyrate while in operation. The sleeve 4 has
a squared portion 9 which prevenis its ro-

tation with the shaft 5, the member 1. being
find

providad in its lower end with a sujtable
cpening in which the squared portion 9 is
disposed to prevent such rotation, and resili-
ent buffers 10 intervening fo cushion any

gyration or any rotative effort of the sleeves .

4. Supported by the same sleeve 4 is the
vertically extending portion i1 of the non-
rotating casing 12 of the driving motor,
which may be of any suitable type, as an
electric motor, but here shown as a -steam
turbine. The fotor 13 of the steam tur-
bine is secured upon the shaft 5 and, in
consequence, the cusing 12 and the rofor 13
gyrate with the shafy 5 maintaining, how-
ever, their proper relation with respect to
each other. The member 14 carries the
steam nozzle to which steam is led through
the flexible pipe or hose 15 from the cham-
ber 18.which communicates with the souree

80
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of steam threngh pipe 17 controlled by the -

valve 18 having the hand wheel 18." An
auxiliary- nozzle or nozzles is or arve pro-
vided for the steam turbine located, for ex-

-ampie, a8 shown a$ 20, Pig. 8, a séeond
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- and there is secured to one

flexible pipe or hose 21 communicating with
such alkiliary nozzle or nozzles and with
the steam Teceptacle 16 through the valve
92, the latter controlled as hereinafter de-
scribéd. At the extreme lower end of the
shaft 5 is secured the runner or impeller 23
of a centrifugal pump, the impeller dis-
charging into the casing 24 which delivers
to the fiexible pipe 25, the suction pipe 26
for the pump comfaunicating with.a suitable

“source of water.

From the foregoing' description, it is ap-
parent that the spindle 5 in gyrating car-
ries with it the motor or turbine as well as
the centrifugal pump. Above the member
1 there is secured upon thé spindle 5 a worm
97 meshing with the gear 28, the worm 27
and gear 98 being inclosed within the sta-
tionary casing 29. The shaft 30 of the gear
98 .extends to the outside of the casing 29
end of said shaft
30 a flexible shaft 31 connecting to_the ro-

: tating element of the oil pump 32 disposed

25
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“‘down through the space between the sleeve,

385

upon the turbine casing 12. The o1l deliv-
ered by this pump passes upwardly through
the pipe 33 and discharges into the funnel
34 from which descends the pipe 35 deliv-
ering oil into the opening 36 in the sleeve
member 4, see Fig. 8. The oil thus delivered
floods the upper ball bearing 6.and passes.

4 and the shaft 5 flooding the lower ball
bearings 7 and 8, and ultimately passing
into the oil receiving chamber 37 having the
outlet 38 communicating by hose or pipe 39

- “with the intake of the oil pump 32. Thus a cir-

40
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culation of oil through the bearings is main-
tained while the spindle 5 is running.

The other end of the shaft 30 of gear
wheel 28 is connected by the flexible shaft
40 with the shaft 41, having-a bearing 2f
49, of the rotating element 43, within the
casing 44, of a centrifugal speed limit de-
vice. The member 43, see Fig. 5, is rotated
by the flexible shaft 40 at a speed directly
proportionate to the speed of the main shaft
or spindle 5. Within the member 43 is a

_ plunger 45 adapted to move radially -out-
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ward with respect to the member 43, due to
centrifugal action, and this outward move-
ment is opposed by the spring 46. TIf the
speed of the spindle 5 reaches a certain value,
due to the centrifugal force, the plunger 45
has been moved outwardly and in rotating
engages the tail 47 of the latch 48 pivoted
to the casing 44 at 49, rotating the latch 48
in a clockwise direction upon the pivot 49,
as viewed in Fig. 5, thereby releasing the
rod 30, which extends outwardly from the
casing 44 and is pivoted at 51 to the arm 52
secured upon the spindle 53 of the valve 22,
a counterweight 51 adjustable on the arm
55, tending always to move the spindle 53
in such direction as to close the valve 22.
Consequently, when the speed of the shaft 5

- 1,124,715

reaches a predetermined value, the rod 50 is,
released as described before, and the weight

vice is used particnlarly in“tonnection with
the starting of the apparatus. In starting

54 closes the valve 22. This speed limit de- -

70

the valve 18 is opened by, operation of the -

hand wheel 19 allowing the steam to pass
through both pipes or hose 15 and 21, there-
by supplying steam to all the nozzles of the
turbine, whereby great starting torque or
effort is available to accelerate the shaft 5
and its attached parts in a suitably shert
time. When the speed of the shaft 5 is that
desired for normal running, the latch 48 is
actuated, as above described, and the valve
99 closed, thus shutting off the steam from

756

80

the auxiliary nozzle or nozzles of the tur- .
bine, and the turbine then receives the steam .

only through the pipe or hose 15, which
steam is sufficient to maintain the parts run-
ning at the necessary high speed.

Above the speed limit device there is se-
cured upon the shaft 5 a brake wheel 56, see

- Figs. 1-and 10, having the hub 57 keyed to

the shaft 5. The brake wheel 56 proper
is secured upon the hub 57 by the spokes 58
which serve also as fan blades or the like
for causing a draft of air through the in-
terior of the wheel 56 between the blades 58,
the blades 58 being suitably shaped and in-
clined for the purpose.
assists in cooling the brake surface 56. At
59 are pivoted the arms 60 carrying the
brake shoes 61 between which and the brake
wheel 56 may intervene suitable material
62 to be the actual wegring material. To

_the rear surfaces of the shoes 61 is applied

cooling water delivered to the chambers 63
gy the flexible hose or pipes 64, the cooling
uid or water being discharged through the
hose or pipes 65. The hose or pipes 64 re-
ceive their water from the pipe 25 at 66,
Fig. 1. The outer ends of the arms 60 are
acted upon. by tl;!e springs 67, associated
with the rod 68, t
being normally exerted to press the brake
shoes against the brake wheel. To lift the
brake shoes the handle 69 is providéd, the
same being upon the vertically extending
rod 70 to whose lower end is connected the
crank 71, Fig. 10, to which is pivoted the
link 72, in turn pivoted to the link 73,
pivoted to the outer ends of the arms 60.
By moving the handle 69 in & sounter-clock-
wise direction about the censer 70, as viewed
in Fig. 10, the brake shoes will be lifted, and
rotating the handle 69 in opposite direction
will assist the springs 67 to apply the brake
shoes to the brake wheel to retard and stop
the shaft 5 and all attached parts.

"The water for cooling the brake shoes is
derived from the centrifugal pump 23; 24
through the pipe 28 in which is provided a
valve 74, Fig. 1, operated simultaneously
with the valve 18 by the hand wheel 19.

e pressure of the springs.
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- minute, 2s,

‘position. and where the

When
wheel 19, 7
the vate" ‘CJ pa"s

to

is closed by the hand
e T4 is opened allowing
hrougn pipe 66 and also
the hydraulie brake later

The une or surxacﬂ of the floor, upon
which an attendant or operator mav stand,
is shown at 76 E‘xg 1 and 2. Upon this
floor upen ie% 77 1s supported the curb 78
swrrounding  the cent ifugal app:mms
proper. The bottom of the curb s‘opeb to-
ward the right, as seen in Fig. 1, and the
water or omnr material fir chnrf its way mzo
tha curb is dis chmg@d tqroufrﬁ the pipe 79.

The upper end of the s heft 5 extends into
the bottom or driving member 80 of the
bowl, basket, or cenﬁmxugl 6"*111 proper.
This membev' 80 is preferably of casi s*ee?
but may be of other suitable material The
member 80 is bolted to nd driven by the
shafi 5 by a plurelity of bolis 81 passing

thrcug,h Hange or the like 82 upon the
shaft 5.

Around the periphery of the boitom
member 80 is disposed the drum, bowl, or

centrifugal basket 83 preferably of nickel
steel, or cvh T material,
hlgh tensile strength as to withstand 4
treme stresses exerted thereon when dr
at very high number of revoluticns
for example, in the ¢
baslet or bowl 83 of 86 inches :hameym‘
ning at 2,000 revelutions per minute, ap-
proxzimately. At its lower end the bowl or
basket 83‘is provided with s ledge 84 en-
gaging against the lower edge of the mem-
ber 80 arnd a pﬁerwm’v of bolts 85 passes
nhrough the outer flange of i‘ha mersaor 80

g

Y\ X.‘, e*,’_.
ivan
pay

Tun-

which is of such

ase of a

s

nn’% the Jowl or basket 82. hese bolts,
m}weva:‘, do not in themselves generally suf-
f‘*c for keeping the joint 86 }‘Gﬂ""“’ the bowl

2 and the member 80 $ight, for ab the
mployed the 1qmds within the bowl
or b&SkLﬁ exert extremely high pressires and
leak through what would be tight 301 s in
ordinary commfugd apparatus. This dﬂi-
culty is overcome, however; by the construe-
tion here show I, "whers the joing is in such
modulug of
80 differs from ihe
of the bowl 83 in sach
degree that, at the high speeds avét-ained., the
member ‘%O stretches radially, under the cen-
fvuuvsi fores of actin t a greater ruts
than the stretching o fmdmg, under

centrifugal forees, ihe N»ﬂ ﬂl?Iany 83.-

Tt follows from thi uction

feri u}“&{:

slas-

‘mmr of %a member
'ﬁodnh s of elas tic oity
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by us only after having frisd
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na choice, ¢

forms of unsuceessful ymnts and construc-
$10Ns in
aforementioned. During operatlon 8 pres-
sure is exerted vertically against the cover
80 thus tending to lift the bowl 83 verti-
cally with s “esp°e$ to the member 80 which

o machine of the size and speed

70

would tberebv cause a shear upon the belty :

85, but
shearmu action by the ledge 84 which is
made deen enough, vertically, to withstand
any shearing acmo‘x, the up‘vard shrust be-
ing exerted upon the ledge 84 and upon he
nanofe of the member 80.

For bringing the parts to rest a hvﬂrmﬂm :

‘brake in addition to the hand brake above
referred to is provided.. This comprises
buckets 87, similar to water wheel buckets,
mecu ed npon the outsme of the bowl 83 at
it lower edge, see Figs. 2 and 8. In Fig.
8 the arrow indicates the direction of ro-
tation of the howl 83. The water uerl red
:tx om the pump 23, 24 through pipe 25, valve
74, pipe 75 and pipes 88, is “deliv rered fe the
nozzles 89 Wmc‘l deliver the water against
the buckets 87 in such direction as to oppose
the rotative movement of £ the member 83,
. “A'cover 90 for the bowl 82, also prefer-
ably of ni bi\.\el steel, rests upon the top edge
of the bowl and is ﬂla’npe io the Zatter
by the ring n"u‘; 21, scraw- dnxuaea upon the

bowl 38, and pref O‘s’aolv also of nickel steel:
The eover 90 has a flange 92 extending
downwardly b':y'oncl the upper edge of
bowl 83, a ing prg"“'ded for the rub-
ber or other ch e:xtcndc ACrOSS
and. the fop

recsss conis asz;eu ‘?3 conmu,ncaw
saveral holss extending th oh@“ the flange
92, whereby i rﬂssure iquid, when
the bowl ig cz&rts pressire upon
tne Gask ot 9 it &h the more u’“qlv

he

(J CD

ureg Lpon
The mem-
form, but may
m@,‘ as cvnmi"h
s bottom has the
3 imm which extend
;MH v o rest upon the bottom of the
vertical p@r‘tions 98 of the vanes
211 \;er

1
iving opening is provided a ring 1060 of
smwlr’le dmmeu T, 1"11:1 1ehmon to the speeds

employed, to prevent s rising nqﬂ of hqum,

from passing over and out af the top of the |
throst. Supportad apon the eover 90 is the

e

the bolts 85 are relieved from thlsA

e
ot

56

85

o0

~

the -« ° 7

[
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o -

96 ei:‘cerm upwardly o
1 the if roat 3: at whose momh or 8-
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circular member 101 carrying at its upper
edge the flange 102 inclined downwardly
and inwardly to the intake of the throat 99.
Between the outer wall of the throat 99 and
the outer wall of the member 101 is formed
an annular chamber to which the treated
or clarified liquid is delivered past the dia-

phragm or ring 108, of suitable opening.

considering the speeds employed. And for
varying the rate of discharge and for treat-
ment of materials varying in character and
varying in amount and nature of solids or
semi-solids or other matter to be separated,
rings 103 of different sized openings may be
employed. The liquid passes from the an-

- nular chamber through the opening 104 into
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the chamber between the stationary members
105 and 106, discharging at the spout 107.
Any overflow of the raw liquor supplied
to the machine must pass the diaphragm or
ring 100, thence over the member 102 into
the chamber between the stationary mem-
bers 105 and 107, and is discharged at the
spout_108, where it may be caught and re-
introduced into the machine.

Outside of the member 96 are disposed
the members 109, 110, 111, 112, (shown as
conical but which may be of any other suit-
able form, as cylindrical) and 113, all hav-
ing perforations as shown in Fig. 7. A
filter paper or medium may cover the in-
side wall of member 113. The members 109
to 112 inclusive are horizontal at their up-
per portions and extend in to the throat
member 99. At their lower edges they ex-
tend into the circular grooves in the hori-
zontal part 114 of the member 96. This in-
sures a long and tortuous path for liguor
leaking from one space to another, and
minimizes such leakage. The members 109
to 112 inclusive have at their lower parts
the separator rings 115. And a separator
ring 116 is provided outside of the mem-
ber 118. Through these separator rings and
the vanes 95* the outward thrusts of all the
cones are transmitted to the drum 83. Upon
the cone or cylinder 112 are provided the
strengthening bands 117. In the member
114 are the perforations 118 to allow the
liquor to rise .into the space between the
~members 96 and 109. The member 118 af
its upper edge is joined to the ring 119 to
which, in. turn; is connected the flat cone
120 carrying on its upper surface the radial
or curved vanes 121, see Figs. 1, 2 snd 6.

* Through the bowl or drum 83 extends a
‘plug 122 accessible through the hand hole
123 in the curb 78, the hand hole 128 hav-
ing g pivoted cover 124. By removal of the
plug 122 the liquor within: the drun. -+ bow!
83 may be drained off.

The operation of our apparatus is 4 1
lows: Assuming the apparatus at
start the same, the hand wheel 19 is ope

i ; LY*E\].
to open the steam valve 18 and simuitane

1,124,715

ously close the water valve 74. Steam now
passes through pipes 15 and 21 to both sets
of nozzles of the steam turbine causing the

same to rotate and to accelerate the shaft 5 -

artl the bowl 83 and attached parts. When
the parts have attained the desired speed of
revolution, the speed limit device, as here-
inbefore described, actuates the latch 48 and
releases the rod 50, whereupon the weight
54 closes the valve 22 shutting off steam
from one set of nozzles of the steam turbine,
the steam supplied to the other set of noz-
zles being sufficient to maintain the appara-
tus at its necessary high speed. And while
the shaft 5 is in motion the oil pump 32 pro-
duces a circulation of oil, as hereinbefore
described.

The liquor to be treated is introduced into
the throat 99 through the diaphragm 100
and passes into the space within the mern-
ber 96 where it is caused to rotate with the
parts by the vanes 95, and the centrifugal
action is sufficient for immediate separation
of heavy solids. The liquor rises through
the perforations 118 to the space between the
members 96 and 109 and is subjected to cen-

trifugal action, and passes through the per--

forations in the member 109 to the space be-
tween the members 109 and 110 and thence
through the successive cones 111 and 112,
and finally out through the perforations in
the member 113 into the space between the
same and the bowl or drum 83, then passes
upwardly through the space between the
ring 119 and the cover 90 and above the cone
120 in which place it is also kept in votation
by the vanes 121. Tt then discharges
through the diaphragm 1708 and finally
through the orifice 104 and spout 107.
Liquor is continuously fed through -the
diaphragm 100 and is delivered continuously.
through the orifice 104 and spout 107 until
so much solid or semi-solid material has been
extracted that the drum and the parts with-

in must be cleaned. In this centrifugal op-

eration extremely high pressures are- de-
veloped within the drum 83, but nevertheless
the joints 86 and 93 are maintained ‘tight,

by the actions hereinbefore described. "By

the employment of the vanes 121 the ‘sticeess
and efficiency of the machine is greatly in-

creased for, in-fact, without these vahes-

very little, if any, practical quantity of fluid
is discharged. And by properly adjusting

the diameters of the openings in the dia-

70

756

80

85

90

956

100

105

110

115

120

phragms 100 and 103 the rate of treatment

of liquid may be greatly increased or di-
minished. And notwithstanding the great
liquid pressures developed within the cen-
trifugal apparatus the amount of flow
through the apparatii: will depend upon the
difference in head between the inlet through
diaphragm 100 and the outlst through dia-
phragm 103 and orifice 104 . -
When it is desired to stop the machine,

125
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the valve 18 is closed and the
opened and the hand brale set by
69. The steam being entirely shub o
the turbine the parts now run under i
own momentum and the kinetie energy o1

ot

¥

£

B

©E
5 eg L

the rotating parts is consumed in getuating  4r
the. centrifugal pump 23, 24, deliver dr

water through pipe 25 to ool the brs,
shoes of the hand brake and alsc io sappiy
water under pressure to the nozzles 89 of
the water brake. Thus, the kinstic energy
is used to operate the water brake, ihe load

el
4

of the water pump serving io diminish the
speed and, furthermore, the same walsr opar-
ating against the divection of rotation of
the parts at the water Drake, still farther
decreases the speed, and finally the part
come to rest, the last part of the braking
being due principally fo the hand brake.
TFor the different liquors operstec. upon,
containing different amounts of sedimnents
or semi-solids, different numbers of conas
or cylinders as 109, stc., may be eraploysd. :
With liquors containing much sediment ons nickel s 5 shads, tom fo
or mere of the inner members 109, 110, ete., = 3 : 3

may be omitted to provide greater sturnge

w ¥

2

14

ugal machine st such high speeds:

doing so have overcome mnany defec
prior machines of like size which,
driven at the high speeds, failed in
more respects. And our inventicn e
in part in features lending themes
the successful constructién and high speed
running of so large & centrifugal machine.

What we claim is:

1. In centrifugal apparatus, a rotad
shaft, a centrifugal drum, 2 member
cured upon said shaft and to said drum
rotating said drum, and a joint formeed |
tween said drum and said member,

O




