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To all whom it may concern: 
Be it known that I, WILLIAM IX. RICHARD 

soN, a citizen of the United States, residing 
at Leavenworth, in the county of Leaven 
worth, State of Kansas, have invented a new 
and useful Improvement in Centrifugal 
Pumps, of which the following is a specifica 
tion. 

It does not seen to lave. been understood 
by practical pump designers, that the pres 
sure energy produced by an impeller of a 
centrifugal pump, is the product of the 
'adial depth of the water subjected to cen 
trifugal force, and its angular velocity. For 
this reason no provision is made in punlps 
now in general use for subjecting the water 
to centrifugal force within the area of cross 
section of the intake. Patents have been 
granted which show and describe means 
within the in take of a centrifugal pimp for 
subjecting the fluid to centrifugal force, but 
I have found that unless the eans eployed 
be properly constructed no increased effi 
ciency can be obtained by its employment. 
The object of this invention is to utilize 

the area of cross section of the intake of an 
impeller of a centrifugal pump, whether 
single or multiple stage, by the employment 
of a screw in the eye of the runner. To 
accomplish this result, the diameter of the 
eye of the runner, its angular velocity, and 
the volume passing through it, must be 
known in order that the pitch of the screw 
and the number of blades constituting the 
screw may be determined, for it should be 
understood that there is a certain maximum 
pressure that may be generated and utilized 
due to any rotary velocity of the screw, cle 
livering a predetermined quantity of flui 
when properly designed. Otherwise the 
best results cannot be obtained, for if the 
pitch of the screw is too great, back pres 
sure will be imposed upon the suction, and 
if the pitch betoo fine, low efficiency will 
result. 
Tomore particularly describe my inven 

tion, I will refer to the accompanying draw ings, in which: 
Figure 1 is a longitudinal section through 

a double suction impeller provided with a 
Screw in the eyes if the impeller in accord 
ance with any invention, he inclosing cas 
ing. Rad, assogiaking parts of the purp being 
omitted. Fig. 2 is a pian view of one of 
the scriy's show is in Fig. 1. 

As illustrated in Fig. 1, A indicates a 
well known form of impeller of the double 
suction type mounted on a shaft B to revolve 
there with. Said impeller is provided on 
each side with an intake or eye Csurround 
ing the shaft B. The particular construc 
tion of the impeller forms no part of my 
present invention, and need not be particu 
larly described, as my inventioi is applica 
ble to any form of impeller whether of the 
single or double suction type, which is 
adapted to subject water to centrifugal force. 
In the eye of the impeller whether it be 

of the single or double suction type, is placed 
a screw D, said screw consisting of a central 
web d forming a sleeve of a diameter suf 
ficient for the reception of the shaft B to 
which it is attached. To the sleeve are cast 
projecting helical blades d' which are in 
clined toward the impeller in a direction 
opposite to the direction of rotation. Said 
blades may overlap each other, but their 
combined surfaces must at least encompass 
the entire cross sectional area of the screw 
as shown in Fig. 2, to avoid eddying and es 
ape of the fluid under pressure. The pitch 
of the screw should be so determingd that 
twice the volume of fluid to be delivered will 
equal the calculated translatory displace 
inent of the screw. The calculated transla tory displacement, during one minute of a 
screy supposed to have blades whose ends 
are in radial lines, is the product of the num 
ber of R. P. M., the pick of the screw, and 
the area in cross section of so much of the 
tubular space surrounding the shaft which 
is traversed by the blades in their revolution 
as is (ecipied at any instant by a figure or 
figures which do not overlap in the circum 
ferential direction, containing th: blade or 
blades, and are bounded by racial planes 
passing through the axis of revolution and 
the ends of the blade or blades. If a single 
blade, which at least once encircles the shaft 
be used, the pitch is the axial length of the 
blade, and the effective area in cross section 
is the area in cross section of the entire space 
trayersed. If a number of equal blades be 
used, which have their corresponding ends 
in the same transverse plane, and which in 
the aggregate at least one encircle the shaft, 
the effective area in cross section is the area 
in cross section of the entire space traversed, 
and the iength of the screw which is effective 
for one performance of the translatory func 
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2. 
tion of each blade, neglecting overlapping 
ortions, is the axial length of the blades. 
eglecting slip, each blade performs its translatory function as many times during 

One revolution as there are non-overlapping 8 , Due to rotary motion of the screw in the blades, and that number multiplied by the 
axial length of the blades is equal to the 

0 

pitéh. Therefore, in any case in which the 
shaft is at least once encircled by the com 
bined circumferential length of the blades, 
whatever their number, the calculated trans latory displacement is the product of the area 
in cross section of the space traversed, the 
pitch and the number of R. P. M. A cir 
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cumferential length of the blades in ex 
cess of that required to once encircle the 
shaft would not affect the calculated trans 
latory displacement, but would affect the 
actual displacement by reducing slip in af 
fording a greater area of surface to act upon 
the water. - * , 
The object of having a screw, the calcu 

lated translatory displacement of which ap 
25 

proximately equals twice the volume deliv 
ered, is that a portion of the fluid may be 
longer retained within the rotary path of 
the Screw, and thus be subjected to centrif. 
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trifugal force of the water within the area 
of intake, or eye, of the runner, for forcing 
the fluid in the direction of flow, and for 
producing suctional effect. 
The theory of operation is as follows: to 

fluid, water is drawn into the space traversed 
by the screw, due to cavitation on the back. 

pact of the fluid upon the blades, some of 

Sure on delivery to the impeller. From the 
Serging it will be seen that the combined 

side of the blades. The extent of cavitation depends upon the langular velocity, of the 75 
blades, and the lift of the suction, atmos 
pheric pressure being considered as 14.7 lbs. 
per square inch. The Water is acted upon 
by the driving side of the blade, licing car 
ried forward and deflected axially, dependent 
upon the angular velocity of the blades, the 
inclination of their surface to the plane of 
rotation, and the resistance offered to axial 
flow. The screw, like the impeller, exerts a 
double energy, a pressure energy, due to in 
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which is converted into pressure, and kinetic 
energy in the form of centrifugal force of . , 
the fluid which is converted into useful pres 

90 

urfaces of the blades of the screw should 
ugal force directly as the rotary velocity of entirely encompass the screw and that their 
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the blades, and inversely as the slip. A 
screw having the above, calculated transla tory displacement, will produce a pressure 
due to centrifugal force and also a pressure 
due to impact of the fluid upon the blades, 
ing velocity toward the bit of the blades 
equal to the rotary velocity of the blades. 
Should the calculated translatory displace 
ment materially exceed the volume stated, 
back pressure would be imposed upon the 

40 suction. While it may be shown that this is 
... not the maximum centrifugal force that can 
"... be generated, it is a very close approach to 
the mean. IFor instance, the greatest cen 
trifugal force would be when there is no de 

45 livery, and only kinetic energy due to cen 
trifugal, force of the screw is a factor. Here. 
the ci 

. . . . gular velocity of the blades, but theia are 

50 trifugal pump is designed to deliver any 
certain volume throughout the operation of 
the pump. This factor varies as the head and 

... theift of the suction, and it is also somewhat 
* 55 

influenced by', the spced. Therefore the 
screw, sliould be designed to handle the 
maximum and a certain minimum volume throughout is the general efficiency of the 
pump, Yithout in posing back pressure upon 
the suction. In designing the screw the vol 

60 ume of fluid delivered by the pump while operating at its best efficiency is the rated capacity of the pump. Any axial length of 
a screw desired, its pitch being known will 
determine the number of blades in the screw. 

... 35. 

... other conditions to be considered. No ce. 

... The purpose of the screw is to produce cent 

centrifugal force is directly as the an 

the combined pressures producing a spout 

pitch will give a calculated translatory dis 
placement in excess of the volume delivered. In computing the translatory displacement 
of a screw, the space occupied by the screw 
itself, should be taken into account. Proper. 
allowance should also be made in designing 
a screw that is to receive fluid under either 
positive head or suction. As showing one mode of computing the 
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structure of the screw, the following is . 
offered: Given a 'screw 10' in diameter, de-, 
sired length 4'', 600 revolutions per minute, 105 
delivery 3264 gallons per minute, space oc 
cupied by the screw being neglected. The 
superficial area of the cross section of a - 
screw 10' in diameter is: 78.54 inches X 
600 R. P. M.=47124 inches, Twice the vol- io . 
ume 3264=6528 gallons X 231 inches (num- . . -ber of cubic inches in a gallon)=1507968. inches. This number divided by 4713435 . 
inches, which is the pitch. By dividing the . . 
pitch by the desired length we determine the 115. 
number of blades which is 8. A greater. 
uulaaber of blades may be employed in a 
screw of this pitch and length, but they will 
lot increase the translatory displacement of 
the screw, as the overlapping, portions of the 120. 
blades will be a neutral zone. The lift of the suction, and high angular velocity of . . . 
the blades, whether due to high-speed of ro 
station, or large diameter of screw, will . . . 
somewhat modify the pitch, for while high 125 
angular velocity will induce cavitation on 
the back of the blade and therefore suction, the highlifton the suction prevents rapid 
flow to the blades. . . . . . . . . . . . . . . Having thus described my invention, what 30 
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I claim as new and desire to secure by Let ters Patent, is 
1. In a centrifugal machine, the combina 

tion with a rotor adapted to subject fluid to 
pressure due to centrifugal force, of a plus 
rality of blades in position to deliver fluid 
into the eye of said rotor and revolve there 
with, said blades being inclined toward the 
rotor in a direction opposite to the direction 
of rotation, and having a calculated transla tory displacement approximately twice the 
rated volume designed to pass the screw. 
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2. In a centrifugal machine, the combina 
tion with a rotor adapted to subject fluid to 
pressure due to centrifugal force, of a screw 
mounted on a shaft coaxial with said rotor 
and having blades in position to deflect fluid 
into the eye of said rotor and revolve there 
with, the pitch of said screw being approxi 
mately such that twice the volume delivered 
past the screw according to the rated capac 
ity of the machine is equal to the calculated translatory displacement of the screw. 

3. In a centrifugal machine, the combina 
tion with a rotor adapted to subject fluid to 
pressure due to centrifugal force, of a screw 
mounted on a shaft coaxial with the said 
rotor and having blades in position to deflect 
fluid into the eye of said rotor, and revolve 

3. 

therewith, said blades having a total cir 
cumferential length such that they encircle 
the shaft, the pitch of said screw being ap 
proximately such that twice the volume de 
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livered past the screw according to the rated 
capacity of the machine, is equal to the area 
of the cross section of the tubular space sur 
rounding the shaft which is traversed by 
the blades in their revolution, multiplied by 
the pitch, multiplied by the number of revo lutions. 

4. In a centrifugal machine, the combina 
tion with a rotor adapted to subject fluid 
to pressure due to centrifugal force, of a 
screw in position to deliver fluid into the 
eye ‘f said rotor and revolve therewith, the 
number of blades being equal to the pitch 
divided by the length of the screw, said 
blades having a total circumferential length 
such hat they encircle the shaft, the pitch 
of said Screw being approximately such 
that twice the volume delivered past the 
screw according to the rated capacity of the 
machine, is equal to the calculated trans latory displacement of the screw. 

WILLIAM K. RICHARDSON. Witnesses: 
How ELL BARTLE, 
C. W. FoWLER. 
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