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if all u, , , , ; fly coy (e'? . 
3e it ki, Y at 1. Wii. A.M. K. RICHARD 

s: N. a citiz. the United States, residing 
; , i.e.: y : ; ) with in the conty of leaven 
worth, state of vansas, have invented a new a saf; 1; trovement in Centrifugal 
Tunis, of wici the following is a specifica 
tion. 
The object of any invention is to eliminate 

the liquid friction of the impeller. Whether 
the in is of volute type or employs diffu 
sin Yes, liquid friction is a source of loss 
in li?t lic: : :ower, and when high ve 
i Yities a 'e (; lived the loss becomes ex 
(k'ssive. It is stree of loss is due to the 
fact that the o!!te or whirlpool chamber 
: ii; ; it is , y anes are stationary, and 
the 'efo' i' it. " : vesi'ity of flow of this 
sirfi'i is is 1 tiergy. To overcome this de 
fect. city its frinciple that two rotary 
s' fai's f it. : 'ea and coefficient of fric 
{ i ; ; ; it is it site sane direction, bit at 
if it sists, - 
te; it set, this iligh speed disk will incur no 

25 great ' ' sista ('e (lite to friction of the fluid, 
1 : e iii); t is the fuid will in part to the 
loss - eit *i-li 'oigh its frictional contact. 
"h f 'i'i: ; he iligh speed disk inaparts 
ki) {ic et: if y it; the water, and the flow of 

''er the surface of the low speed 
rive it ahead with the same 

is sistance it offers to the high 
list 'if it in : The S. root of one 

S 

2 t 

v e siliates of the velocity 
disks, e?tals the ve. 

. . . . . . . . . it i fre:-ei vetween the 
sis. S', - ; ; ; ; ; ; ; ; ; ; inents affriction 

a is is steel disk and the im 
in roi si) frictional contact of 
giver the lov speed disk, it 
s: he sit. of the velocity of 

''' li:ii, initi; the soil of the ve 
: eN it': 
tile jig; i. 
t; (ii is 

speed disk. The sq. of 
is svati’r interposed between 

is he is a 'e of the velocity of 
; : Fisk e?ta is the irpet as or 

in the low speed disk. 
are found to be equal. 

: '), as in ention it either it 
if its stage unit, the high 
t" is a 'ges it t its periphery, 

ii is is adjacent low speed 
hery, and discharges at the 

s:. The kinetic energy of the 

. . . . . . . .'; 
i' air 

-, having a perfect fluid in 
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water due to the high speed runner is thus 
checked, and the energy absorbed by the low 
Speed runner through it; act and friction 
of the water is conveyed back to the driving 
shaft by suitable means. The relativ; ve. 
locity of the luigi aid low speed runners 
will vary according to the type and service 
of the plin). being understood the lower 
the speed of the low speed runner, the higher 
the efficiency of the imp, because the water 
is under less centrifugal force due to the 
rotary motion of the low speed runner. 
Illustration: Should the high speed runner 
nake five revolution; to one revolution of 
the low speed runner, the loss in effective 
head will be 4%. If their speeds are two 
to one, the loss will be 25'., for the cent rifl 
gal effect of the ruliners are as the squares 
(of their respective velocities or number of 
revolutions. 

In Iny construction a revolving easing en 
coin passes the runner's and is preferably at 
tacted to the low speed riter. 
The object of this invention is to pro duce a centrifugai purp of high eficiency, 

of broad utility, a machine that may be di 
ret connected to any prime nover, or belt 
driven and that may be produced by the 
manufacturer at a cost no greater than the 
average cost of pumps of turbine type. 
With these objects in view my in vention 
consists in the construction and consistin 
of parts as hereinafter described ind 
claired, of which : 

Figure is a vertical cross section of : 
three stage centrifugal purple bodying the 
principles of mily in 'i'ition. Fig. 2; an end 
View of the it take side of Fig. I, the intake 
and journal bearing not being shown in Fig. 
1, but in renstruction is the same as the dis. 
filal'ge end. Fist. 3 is a vertical cross section 
of a single stage tailp showing the constric. 
in eii1}} '''d in carrying out try invention. 
Fig. 4 is a in et view of the in: kr ice (if 
tle single stage i u tip. Fig. 5 is a lis; sis 
of a segment of tier iller cage 3S. s. v. 
the role, 39 it iii is there. Fig. 8 is . 
plan view of the iurated race i2. it's. 
is a plan yiew of the low speed runner 14, 

With a portion if the fact: plate 15 rera oved. 
Fig. 8 is a plan view of the is ch speed run 
ner S, with a periol of the ac: , ; iriving 
plate 10 removed. 

1 indicates a base plate to whici is bolted 
staldards 2 and 3. 
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: the 'inner S. 

4 indicates a journal bearing secured to 
each standard for the reception of shaft 5. 

6, 7 and S indicate high speed runners, of 
which 6 in are annular disks centrally 
perforated and key-seated to the shaft 5. 
They are trned to like diameter's, and naa 
chined on face and back, and on the face 
of each tiniei' is east integral vanes or fins 
9, their racial lett and pitch being clearly 
shown in Fig. S, the lott boss ticing oitted 
as therein -ht wi. 

10 indicates a driver, the same being an 
annula' isly cent rally perforated and Se 
cured to shaft 5, said iriver being bolted to 

The runner S is an annular 
disk having a central hollow hill 11, the 
back of the 'inner being convex and on the 
face or coca ve side are cast integral vanes 
or webs 9 as shown in Fig. 1. 

12, 13 and 14 indicate low speed runners, 
having face plates, 15. Runner's 12 and 13 
are annular disks having a central opening 
of the satue diameter as the opening ill hai) 
11. On one sile is cast integral (; lived valies 
or fills it. : s slown in Fig, ... : it to these 
vain s is it eit ille face plate 5, the same 
being an ania is ' disk ('ent 'illy perforated 
and journale: oil shi: It is. The seriphery 
of the runners 2 aid 3. is of greater diam 
eter than the vane (5. when the rinners 
12, 13 and 14 are bited to the cylindrical 
runner 17, the race challers S, li) and 20 
are formed. 
The low speed rillier 14 as vanes and a 

face plate similar to those of runners 12 and 
13, excepting they do not so nearly approach 
the center, as shown in Fig. 1, and hich 
will he in after be explained. The runner 
14 performs the double function of a low 
seed runner and an end casing to the in 
shown in Fig. 1. 

21 indicates a sleeve bolted to nember 16 
and provices a discharge passage from the 
impeller to the discharge port 22. The outer 
end of sleeve 21 is provided with a stifling 
box and gland 23. 
24 is an end casing of the impeller bolted 

to member 17, and bolted to the inner side 
of member 24, and surrounding hub 11 is a cup packing 25. 
26 indicates a spur-wheel bolted to the 

member 24, 27 indicates a pinion secured 
to the hub 11. 

28 indicates a liquid packing gland, of 
which a indicates a central perforated disk 
secured to the huh 11, which rotates in the 
chamber b, formed by a casing c, attached to standard 2, the casing a being provided 
with a cup packing D. 
In the eye of each of the high speed run 

ners 6, 7 and 8, is placed a screw 29, said. 
screw consisting of a central web forming 
a sleeve of a dia Bieter sufficient for the re ception of shaft. ii. To the sleeve is cast 
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rojecting helical blades, their angular pitch 
being "opposite to the direction of rotation. 
The purpose of these screws need not be par 
ticularly described in this specification, as 
this feature will form the subject matter of 
a separate application for patent. 

30 indicates the intake, a portion of which 
is not shown. In construction it is the same as discharge port, 22. t )f greater area 
of cross-section. 3 in is ...": a standard for 
the support of a gear shaft 32. One end of 
said shaft being ie trialed in shaft box 33 
attached to stal (arch 2. 
32 are mounted at: it keyed spur wheel 34 
and pinion 35. ("i he gear 26, and pinion 35 
should have twice the face shown, arid when 
the pump is designed for high heads the 
H. P. of the gear should be strong enoygh 
to transmit the power due to liquid fric 
tion upon the revolving casing and the low 
speed runners. and the impact of the water.) 
These gears control the relative speeds of the 
rotor's. 
ilaying thus designated the several parts 

of this machine, the following is a descrip 
tion of the operation: When the suction pipe 
( ; it shown), which is provided with the 
usual foot valve at the source of supply, is 
connected to the intake 30, and the pump 
primed in the usual way, the driving power 
is applied to shaft 5, the driving pulley or 
coupling (not shown) may be disposed at 
either end of the shaft. To reduce the 
torque of the machine, the discharge should 
be throttled until the normal speed is is 
tained. The water under suction enters the 
intake 30 and is subjected to centrifuga 
force and the repulsive action of the screw 
29. Before the water enters the chamber of 
the high speed runner 8, it has acquired 
rotary motion and an absolute pressure ex 
ceeding the pressure of the water at the bit 
of the screw. As the water enters the cham 

Upon said shaft 
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ber of runner 8, it is subjected to a constant 
increasing centrifugal force in its radial flow 
by the vanes 9, and is discharged into the 
race chamber 18, under the maximum or 
theoretical head. Some of the rotary ve 
locity is here checked, due to friction but 
such loss of kinetic energy of the water is 
communicated to the slow revolving casing. 
As the water enters the chamber of the low 
E. runner 12, its rotary velocity is 
checked by the cycloidal vanes 16, the ener 
due to the impact of the water upon the 
vanes of this runner tending to rotate it at 
a velocity equal to the velocity of the im 
pinging water, but owing to the speed re ducing gear, the casin 
speed runner is attached makes but one revo 
lution to five revolutions of the high s 
runner. The spur wheel 26, attac to 
member 24 of the casing, transmits the eu 
ergy to the pinion 35, and this impulse is 
translaitted through the medium of spur 

to which the low 
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wheel 34 to the piniot 27 which is attached ing 36, and a set, collar 3 is provided at the 
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to the hollow hub 11 of the high speed driver end of the journal bearing 4 to receive the 
8, the same. being rigidly attached to shaft 
5 as previously described. The loss of effec 

end thrust. 
Fig. 3 represents a structure embodying 

tive head, when the water reaches the eye my invention as employed in a single stage 
of the low speed runner, will be the cen 
trifugal force the water is subjected to by 
the low speed impeller, and the ratio of OSS 
will be as the sq. of the number of its revo 
number of revolutions or angular velocity of 
the high speed runner, and in the machine 
herein described is as one to twenty-five, 
or 4%. 
The space intervening between the face 

plate of the low speed and the high speed 
runners is occupied by a racing fluid, and 
as both plates rotate in the same direction 
there can be no loss of power due to fric 
tion because the frictional resistance of the 
fluid to the high speed disk just equals its 
Yility friction impelling the low speed 
disk. - 

The slight rotary velocity the water re 
tains as it passes from the low speed run 
ner 12 to the adjacent high speed runner 12, 
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is accelerated by the screw 29 and as the 
water enters the chamber of runner under 
hydraulic head, it is again subjected to celi 

race chamber 19, has a head twice that, at 
the eye of the runner. It will be noted that 
the high speed runner has no face state. 
This construction avoids slippage that 
would take place if a face plate were used, 
for the difference in pressure between the 
eye and the discharge end of the runner 
could not be compensated or balanced by 
the rotary velocity of the fluid between the 
plates, and a back flow would take place 
from the race chamber to the eye of the 
runner between the plates, because the 
centrifugal' force of the water between the 
plates will only slightly exceed one-half the 
centrifugal force within the chamber of the 
runner. Therefore, there would be a 
indiced flow between the plates under a head 
equal to one-fourth the hydraulic head is 
chanber 19. In the construction shotyn no 
slippage takes place, because the full cent 
trifugal force of the water at any radial 
point exerts a corresponding lateral pressure 
upon the back of runner 12, and as pre 
viously described, any friction of the filaid 
that tends to retard the high speed runner, 
the same force must be communicated to the 
low speed runner rotating in the same direc 
tion. 
When the water has passed through all 

the runners constituting the stages of the 
pump, it is forced through discharge pas 
sage 22. As the, machine shown and de' 
scribed employs positive gear transmissioi, 
between the low speed casing and the high 
speed runner or driving shaft. a thrust bear 

lutions or angular velocity to the sq. of the 

trifugal force, and when discharged E. 

pump. The difference in this construction 
from the multiple stage pump being in pro 
viding a suitable journal bearing for the 
low speed runner 14, and the revolving cas 
ing, and the employment of a friction drive. 
Referring to Fig. 3 and Fig. 5, 38 indi 
cates a roller cage, in which are mounted the 
frusta of cones 39, upon hollow ournals 40. 
41 indicates a thrust bearing journaled upon 
member 40, and interposed between the outer 
end of each cone and a boss cast integral with 
the cage 38 as clearly shown in Fig. 5. 42 
indicates a driven wheel secured to member 
11. 43 indicates a bifurcated driving race 
Secured to standard 2. The cone 39 has three 
roller surfaces of which a? indicates that 
portion of the rolling surface at the base of 
the frustum. 0 indicates the rolling sur 
face between the surfaces a?, and c', c' des 
ignates the rolling surfaces next to the apex 
of the frustum. o' and a have the same face 
angle, that angle heing determined by the 
radius of the race 43 upon which they run, 
and the diameter of the rolling surface at 
the base of the frustum. The rolling sur 
face b is of greater diameter than a' or c' 
and is determined by the relative speeds the 
high and the low speed runners are to main 
tain. 46 indicates an annulus or pulley 
bolted to member 24 which encompasses the 
roller cage 38, said cage being provided with 
dowei pins 47 as shown in Fig. 5. These 
pins extend through holes in the rim of the 
annulus 46, said holes being large enough 
to permit of Some freedom of lateral motion. 
The face plate 15 has a hub cast integrai 
there with to form a journal bearing, as 
shown in Fig. 3, Interposed between the 
low speed runner 14 and the high speed 
runner 12 is a thrust bearing 38, as the end 
thrust, is imposed the low speed run 

thrust bearing is 
it diiving pulley that 
liaice of the friction 

drive here to escribed, it being under 
stood that when this driving pulley is ein 
ployed, a smaller pulley will be attached to 
the driving shaft. 50 indicates a compres 
sion spring interposed between a bail bear 
ing 51 and a set collar 52. Inounted on shaft 
5, and is used for the purpose of increasing 
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the stress upon the friction rollers when this 
gear is employed, and especially, when the 
pump is operating against moderate heads 
but handling a larger volume of water. 
The operation of the friction drive is as 

follows: i, being understood that the shaft 3 

e 

and high Speed runner nake five revolutions 
to one revolution of the low speed runner 
and 33 sing, as slova in this construction 

25 
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4. 
The rotation of the casing through members 
46 and 47 inparts notion to the roller cage, 
causing the cones 39 to roll upon the bifur 
cated race 43. The travel of the rolling Sur 
face c’ of the cone is exactly the same as the 
race upon which it runs, and that tendency 
of the casing to rotate at a speed equal to 
the velocity of the high speed runner in 
parts its kinetic energy to member 42 and 
then to the driving shaft. 
Having thus described my invention, what 

I claim as new and desire to secure by Let 
ters Patent, is 
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1. In a machine whose operation involves 
a moving fluid, the combination with a high 
speed driven rotor and a low speed fluid 
actuated rotor operating in the same direc 
tion and arranged to receive fluid delivered 
from said high speed rotor, said rotors hav. 
ing a fluid interposed between them, of a 
rotary casing inclosing said rotors and at 
tached to one of them, and means for main 
taining constant the relative speeds of said 
rotorS. - 

2. In a machine whose operation involves 
driven element from which fluid in motion 
is delivered, of a structurally independent 
fluid actuate? ?nechanism operated by the 
kinetic energy of the fluid due to friction, 
and also I. the fluid delivered from the 
driven element and from which fluid is de 
livered under pressure, means for transmit 
ting power from said fluid actuated mecha 
nism and for maintaining constant the rela 
tive speeds of said elements. 

40 

45 

3. In a centrifugal machine, the combina 
tion with a high speed rotor from which 
fluid under motion and pressure is delivered 
of a low speed fluid actuated rotor operated 
by the fluid so delivered and from which 

i 

a moving fluid, the combination with 

fluid is delivered under pressure, a St. 
casing inclosing said rotor elements and at 
tached to one of them, and positive means 
for transmitting power engendered by the 
kinetic energy of the fluid in contact with 

l,080,655 

the fluid actuated rotor to the driving mech 
anism of the high speed rotor. 

4. In a machine whose operation involves 
a moving fluid, the combination with a high 
speed driven rotor fixed upon a shaft, a low 
speed fluid actuated rotor journaled upon 
said shaft and operating in the same direc 
tion and arranged to receive fluid delivered 
from said high speed rotor and having a 
fluid interposed between them, a rotary cas 
ing inclosing said rotors and attached to one 
of them, and means for maintaining con 
stant their relative speeds. 

5. In a machine whose operation involves 
a moving fluid, the combination with a set 
of driven rotors fron which fluid in motion 
is delivered, of a set of fluid actuated ro 
tors alternately arranged with respect to the 
driven rotors, and operated by the fluid so 
delivered, a rotary casing inclosing said 
sets of rotors and secured to one set of then, 
and means for connecting said casing and 
the other set of rotors to the driving mecha 
nism of the driven rotors and maintaining 
constant the relative speeds of said sets of 
rotors. 

6. In a machine whose operation involves 
a moving fluid, the combination with a set 
of driyen rotors from which fluid in mo 
tion is delivered, of a set of fluid actuated 
the driven rotors and operated by the kinetic 
energy of the fluid due to friction, and also 
by the finid delivered from the driven rotors 
and from which illuid is delivered under 
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rotors...}ternately arranged with respect to 

88 

pressure, a rotary casing inciosing said ro 
tary elements and secured to tric set of 
them, and means for connecting said casing 
and the other set of rotors to the driving 
mechanism of the driven rotors and for 
maintaining constant the relative speeds of 
said sets of rotors, 
WAM KING RICHAROSON. 

Witnesses: 
C. P. RUTHERFORD, 
No. T. O’KEEFE. 
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