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1 Claim,

The invention relates to a centrifugal pump
particularly designed for use in automatically
controlled systems for pumping liquids and dis-
charging the same under pressure.

An object of the invention is to provide a single
stage pump of the class described which is ar-
ranged to discharge fluid at & particularly high
pressure for such pumps.

Another object of the invention is to provide
a centrifugal pump in which the fluid in the
chamber thereof is not circulated therein at the
same rate as is the pump rotor, but moves at a
much slower rate.

A further object is to provide an improved
means for centrifugally discharging the fluid
from the rotor into the pump chamber.

An additional object is to provide an improved
rotor structure which is subjected to a minimum
of frictional resistance in the pbump chamber,

Yet another object is to provide a pump of the
class described which is arranged for high-speed
operation. _

A still further object is to provide in a pump of
the class described g discharge port which is op-
erative to further increase the discharge pressure
from the pump.

The invention possesses other objects and fea-
tures of advantage, some of which, with the fore-
going, will be set forth in the following descrip-
tion of a preferred form of the invention which
is illustrated in the accompanying drawings, in
which

Figure 1 is a side face view of a pump embody-

5 ing the invention, said view being taken at the

intake face of the pump.

Figure 2 is a section at the line 2—2 in Figure 1.

Figure 3 is a section at the line 3—3 in Figure 2.

Figure 4 is an enlarged fragmentary section
taken at 4—4 in Figure 1.

Figure 5 is an enlarged end view of a fluid dis-
charge arm of the pump rotor, said view being
taken at 5—5 in Figure 3.

Figure 6 is a side view of an alternative rotor
for use in the pump, a portion of the structure
being broken away to disclose the internal ar-
rangement thereof.

Figure 7 is a section taken at the line —7 in

Figure 6.

Figure 8 is an elevation showing the operative
installation of the pump as part of an auto-
matic water pumping and distributing unit.

Figure 9 discloses the details of a novel shaft
coupling which is utilized in the unit of Figure 8,
elements of the coupling being separated.

(Cl. 103—103)

. Figure 10 is a vertical section of a ‘Jbreather

“valve of the unit of Figure 8.

As particularly disclosed in Figures 1 to 5 in-
clusive, the present invention is incorporated in
the structure of a pump 11 having an annular g
runner chamber 12 defined by and between axial-
ly separable casing sections 13 and 14 and about
a rotor, or runner, 15, mounted in the casing. The
rotor 15 is seen to include a hub 16 provided with
an axial bore having portions 17 and 18 of dif- 65:
ferent diameters to define an annular face 19 at
their junctures. Fixed to the hub 16 to extend
radially therefrom in the chamber 12 is g tubular
arm 21 having the passaze thereof connected with
the larger hub bore portion 18, it being noted that 70’
said arm and bore portion provide the sole inlet
for the chamber. An outlet port 22 is provided
through the casing portion 13 at the periphery
of the chamber 12, said port preferably being
tangentially directed from the chamber and be-
ing of a special form as will hereinafter be
brought out. The rotor 15 is mounted at the ex-
tremity of a shaft 23 fixedly engaged in its
smaller bore portion 17. '

Openings 24 and 25 are respectively procevided 80
in the casing sections 13 and 14 to extend axially
from the casing space, the shaft 23 extending
through the opening 24 while the opening 25 pro-
vides the inlet to the pump. Preferably, and
as shown, integral tubular bosses 26 and 27 are 85
respectively provided on the casing sections 13
and 14 respectively whereby the openings 23 and
24 are elongated. As shown, the outer end of
the opening 25 is internally threaded to receive .
& coupling sleeve 28 which in turn receives an 90
inflow pipe 29. A bearing bushing 31 is mounted
in the opening 24 for the journalled reception
of the shaft 23, said bushing being preferably
long enough to provide the primary bearing for
supporting the shaft for rotation about a fixed gy
axis. Means are preferably provided for sealing
the aforesaid shaft bearing against the escape
of fluid therealong; as shown, a gland ring 32
threadedly engages the outer end of the bore of
the boss 26 and the opposed bushing end is spaced 100
from the gland to provide a space for soft pack-
ing 33. ' ’

The hub 16 is preferably of cylindrical outline
as shown, and is axially longer than the cham-
ber 12, one end of the hub being rotatably en- 105
gaged in an opposed counterbore portion of the
opening 24 of the casing section 13 while the
other end rotatably engages the bore of the
opening 25 of the casing section 14. The end
face of the hub portion fitting the opening 25 is 110




arranged to bearably engage the inner end of the
coupling sleeve 28; it is noted, however, that
when the pump is operating, the thrust of in-
flowing fluid is arranged to shift the rotor axially
to prevent an actual bearing engagement of

. these members, a slight axial freedom being al-
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lowed the rotor for the purpose. Preferably,
more clearance is allowed between the inner end
of the counterbore and the opposed hub end
than is necessary to provide the aforesaid axial
freedom, and the bushing 31 terminates at the
counterbore end; in this manner, an annular
space 35 is defined about the shaft 23, at the in-
ner end of the counterbore. As shown, passages
36 lead from the hub bore face 19 to the hub end
within the counterbore whereby the effective pres-
sure of incoming fluid to create an end thrust
on the rotor is minimized. - The hub is prefer-
ably formed of a relatively soft metal such as
brass or bronze.

It will now be noted that suitable thrust bear-
ings might be operatively disposed in the space 35
for taking up the operating end thrust referred
to. In the present instance, however, it is pre-
ferred to provide anti-friction bearings for resist-
ing said thrust externally of the pump structure,
whereby said structure is simplified. As par-
ticularly disclosed in Figure 8, the shaft 23 is
connected in end-to-end relation to the shaft 37
of an electric motor 38 by means of a coupling
39 whereby the motor bearings (not shown) are
arranged to take up said end thrust. The cou-
pling 39, it is noted, is of & special structure, and
will be hereinafter described in detail.

Referring now to the arm 21, it 1s seen that the
axial width thereof is very much less than the
axial width of the chamber whereby the arm does
not partition the chamber 12 as do the impeller
blades of centrifugal pumps generally. In fact,
it is desired that the arm 21 act to a minimum
extent for effecting a rotative eirculation of fluid
in the chamber 12, and the sectional outline of
said arm transversely thereof is accordingly of
streamline or air-foil shape throughout its
length; an external end view of the arm is dis-
closed in Figure 5. To further minimize the
fluid circulating effect of the arm 21, the latter
may also taper toward its tip, and the passage
through the arm 21 is of similar form to the arm
exterior whereby the arm may be of minimum
size for a passage of given discharge capacity.
In view of the foregoing, the arm 21 is seen to
constitute a radial centrifuging tube rather than
an impeller. :

The rotor 15 is arranged to be operated at not
less than about three thousand revolutions per
minute and enough clearance should be provided
between the arm 21 and the chamber walls to
minimize frictional drag whereby the fluid in the
chamber is arranged to acquire a relatively slow
circulation rate and the frictional resistance to
the rotor rotation is primarily the friction of the
arm 21 in the fluid in the chamber which has
been minimized by the use of the streamline arm
structure described and shown. The exact
streamline section of the arm 21 is of course de-
termined by such factors as the operating speed
of the rotor, the clearance allowed the arm, and
the density and viscosity of the fluid to be
pumped; the present specific showing is accord-
ingly intended as merely illustrative. In the in-
terest of minimizing the resistance to the rota-
tion of the rotor, but one arm 21 is provided
therein, and said arm is counterbalanced by
means of an integral radial extension 41 of the
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hub 18 whereby rotor vibration is avoided at the
high operative speeds for which the pump Is
particularly designed. )

As particularly disclosed, the opposed chamber
end walls are conically concave and terminate at
their outer edges in a trough 42 opening radially
inwardly and lying in the plane of rotation of
the arm 21. The trough 42 is seen to be of sub-
stantially semi-circular cross-section and its di-
ameter is substantially that at the mouth of the
discharge port 22. In this manner, the proper
spacing of the arm 21 from the casing walls is

provided and a race-way for the outside portion’

of the fluid stream in the casing is provided for
guiding the fluid into the port 22 at the chamber
periphery.

Referring now to the discharge port 22, it is
seen -that said port is-in the form of a Venturi
orifice having its throat at its inner end. Pref-
erably, and as shown, the port 22 is directed tan-
gentially from the chamber trough 42 and its
Venturi portion is provided entirely within the
limits of the casing section 13. The port 22 is
proportioned in accordance with well known prin-
ciples so that the velocity-head of liquid entering
the same is reduced and the static pressure is
correspondingly increased whereby to increase
the effective discharge pressure from the pump.
The throat of the port is of less section than the
outlet at the extremity of the arm whereby to
create a discharge pressure in the chamber 12;
as particularly shown, the ratio of these openings
is substantially one to two, this ratio having been
determined as a most satisfactory one when the
tubular centrifuging arm 21 is in use in the cas-
ing. The port 22 is seen to terminate in a boss
43 for connection to a discharge pipe 44.

In Figures 6 and 7, views are shown of an al-
ternative rotor 61 for mounting in the casing
chamber 12. The hub 62 of this rotor is seen
to be formed generally as before, but the centri-
fuging passages are defined between axially sepa-
rated plates 63 having a plurality of radiel and
axial partitions dividing the space between them
into discharge passages 64, the hub being radially
perforated at the inner end of said passages to
supply the fluid from within its axial bore 65.
Additional tie partitions 66 secure the plates 63
together adjacent their peripheries at the outer
ends of the passages 64. ‘The rotor 61 is similar
in outline to the chamber 12 but is considerably
smaller than said chamber whereby it is arranged
to be freely rotated in the chamber space and
is not an impeller with respect to the fiuid therein.
For a discharge port 22 of given size, the rotor

.61 will require more power for driving it at a

given speed than will the previously described
rotor, but will create a greater discharge pressure
or deliver more fluid at such speed, it being noted
that the pressures attainable with either form
of rotor, is very much greater than that attain-
able by single-stage pumps now generally used.
The pump now described will effectively pump
gases, but the use for which it has been particu-
larly designed is in connection with domestic
water systems for discharging water under pres-
sure, a typical installation being disclosed in Fig-
ure 8. As particularly shown, the pump 11 is
mounted on a fluid tank 81 and the pipe 29 is
connected with a source of water, as a shallow
well (not shown) ; said pipe having an aufomatic
one-way valve 82 interposed therein. The dis-
charge pipe 44 runs to a delivery system of pip-
ing, said system being here shown represented
by one faucet 83 thereof. A branch pipe 84 con-
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nects the pipe 44 with the bottom of the tank 81
and a breather valve 85 is interposed in the pipe
84. As is particularly shown in Figure 10, the
valve 85 is arranged to operate to admit air to
the pipe 84 only when water is moving toward
the tank at a rapid rate, said valve including a
Venturi orifice 86 into which a branch passage
87 leads, the latter passage being controlled by a
gravity seated ball valve 88. The operation of
the motor 38 is arranged to be controlled through
a pressure operated switch mechanism 89, said
mechanism being connected to the top of the tank
cavity by a conduit 91; the tank cavity, it is noted,
will always contain air at the top thereof.

With the faucet 83 open, the motor 38 will
operate the pump, to effect a constant discharge
of water at the faucet. If, now, the faucet 83
be closed, the continued operation of the motor
will build up the pressure in the system and water.
will be forced through the pipe 84 into the tank
81 to increase the air pressure therein and finally,
through the pressure-operated switch 89, shut off
the motor. If the said flow of water through the
pipe 84 be rapid enough, some air will be en-
trained thereby from the breather valve for de-
livery in the tank 81; in this manner, the quantity
of air in the tank is arranged to be kept constant.
If the faucet 83 be again opened the expansion
of air in the tank 81 will start the water flow
from the faucet and the lower pressure will per-
mit the motor switch to close the motor circuit
whereby the original condition in the system will
be restored.

In an installation such as that shown, a direct
connection of the pump shaft 23 with. the motor
shaft 37 would require an exact axial alignment
of these shafts and so involve a high degree of
accuracy in mounting the motor in cooperative

~ relation to the pump; by the use of the coupling
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39, however, said alignment need be only approxi-
mate. By reference to Figures 8 and 9, it is seen
that the coupling 39 comprises yoke blocks 91
and 92 set on the opposed ends of the respective
shafts 23 and 37 and each carrying a block 93 piv-
oted between ifs arms. An intermediate floating
block 94 is provided, said block providing yokes

3

at opposite ends thereof between the arms of
which the blocks 93 are pivoted for movement
about axes intersecting and perpendicular to
their pivotal axes in the blocks 91 and 92. The
coupling 39 thus provided permits both an angu-
lar and offset relation of the shafts while coupled
thereby. In connecting the shafts with the cou-
pling, the pump rotor hub would be disposed
against the pipe coupling sleeve 28 and the yoke
blocks 91 and 92 then set to the respective shafts.
When installed, the coupling 39 is of constant
length longitudinally thereof whereby the -end
thrust of the rotor previously referred to is trans-
mitted to the motor bearings as has hereinbefore
been brought out.

From the foregoing description taken in con-
nection with the accompanying drawings, the
advantages of the construction and method of
operation will be readily understood by those
skilled in the art to which the invention apper-
tains, and while -I have described the principle
of operation, together with the device which I
now consider to be the best embodiment thereof,
I desire to have it understood that the device
shown is merely illustrative, and that such 109
changes may be made, when desired, as fall with-
in the scope of the appended claim.

Having thus described my invention, I claim
as new and desire to secure by Letters Patent of
the United States the following:

In a centrifugal pump, a casing defining an
annular chamber having an outlet port directed
tangentially from the periphery thereof, a rotor
freely rotatable through the fluid in said cham-
ber and arranged to centrifugally discharge fluid 119
into the chamber through a radial discharge pas-
sage thereof for building up a liquid pressure at
the chamber periphery, said outlet port com-
prising a Venturi orifice with the throat thereof
at its inner end and in the plane of discharge of 115
said passage, the cross-section at said throat be-
ing less than the smallest cross-section in said
passage and said smallest passage cross-section
being at the discharge end of the passage.
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