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17 Claims.

The invention described herein may be manu-
factured and used by or for the Government for
governmental purposes, without the payment to
me of any royalty thereon. -

This invention relates to improvements in
pumps and an object of the improvements is to

provide a four stage rotary screw and centrifugal

pump designed for maximum volume and pres-

sure in restricted areas, as in an airplane fuel

tank, with special adaptability for use in tubes,
" housings, or capsule units.

.Another object of the invention is to provide a
multi-stage pump using but -a single rotor and
vet having an efficiency similar to that of a triple
or quadruple stage centrifugal pump of the mul-

tiple impeller -type; the rotor being designed to
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.occupy substantially the normal space of a single .

impeller.

Another object of the invention is to provide a.

multi-stage rotary screw and centrifugal pump
of limited overall dimension and large capacity
with opposed intakes. :

"Another object is to provide, in such a pump,

means of varying both the volume and the pres-

© sure within wide limits. .
A further object is to provide a pump of simple, :
sturdy, design and requiring little or no attention

through long periods of operation.

Briefly, the invention embodies two oppositely
" disposed screws feeding into a. rotary central
common chamber from which the fluid or liquid
fuel is discharged by centrifugal force through
apertures into an outer chamber from which it
passes through the outlet port; the flow of the

fuel being assisted by propeller blades on the ¢

rotary central chamber.

In the drawings— : )

Pigure 1 is.a verfical longltudinal sectional
‘view of a pump constructed in accordance with
the invention and having a tangential outlet;

Figure 2 is a side view, partly in elevation and
partly in section, of the pump shown in Figure 1;

Figure 3 is a detail view, in perspective and on
an enlarged scale, of a fragment of .the pump ro-
tor showing the radial buckets; .-

Figure 4 is a section on line 4—4 of Flgure 3;

Figure 5 is a detail view of a section of the -
. stator chamber and showing the propeller-like
blades of the rotor;

Figure 6 is a view,on a reduced scale; of a sec-
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Figure 9 is a detail view: mustrating the pro-
vision of a pulley on the pump as a means for
driving the latter; '

Figure 10 is a longitudinal section view of the
pump as modified to have a lateral instead of a
tangential outlet;

Fizure 11 is a-detail sectional view of an intake
and feed pipe connection;

Figure 12 is a section on line 12—12 of Fig-
ure 1;

Figure 13 is a section on line 13—18 of Figure
12; and '
Figure 14 is a detail view, in perspective, of the
terminal construction of the Archimedean screw.
The stator casing of the pump shown in Fig-
ures 1 and 2 consists of a central or peripheral
channel section 10 and opposite side bellied sec-
tions {1 and 12 defining a rotor chamber which is
of elliptical section in the direction of the rotor
axis but of substantially circular cross section in
a direction perpendicular to the axis. Section 10

. is so dimensioned that the channel formed there-

25

30

.45

50

- tion of a fuel tank with the pump stalled in the -

sump thereon;
Figures 7 and 8 ar2 detail views illustratmg the
use of different sizes of rings for va.rylng the
. pump pressure and volume,

by increases in capacity from point D to Da, in

‘a counter-clockwise direction as viewed in Fig-

ure 2.  This provides a circumferential chamber -
(0a of large capacity to receive the discharge
from the rotor.” This chamber has its outlet

throtigh a pipe or conduit 13 tangent to the cir-

cular portion of the peripheral section 10. Hence
chamber 10a and conduit 13 form a tangential

"outlet which tapers two ways to the peripheral

section 10 with which they are integral.  For rea-
sons of manufacture and convenlence in gssem-
bly, etc., the several sections of the casing may
be separately formed flanged units detachably
fastened together at thelr flanged extremities by
cap screws or other suitable means, as shown at
14 with weld spots for the heads of the cap
screws. As an alternate method, the peripheral
section may be cast integral with either side sec-
tion, the other side section being detachable..
Each side section has a journal box I8 with suif-
able packing 18 and inner and outer ball races 17
to support the journals of the rotor; the box be-
ing externally screw threaded to recelve the
packing nut 18. The inner bearing race Is lubri-:
cated by the liquid of the pump; the outer by lu--

‘bricant through cup or other conventional mesns.:

Each side section is provided with a pedestal 19
for mounting the pump in & sump or snother -
support. Obviously, other types of mounting may
be used, conforming to the particular use and
location of the pump.

The rotor of the pump comprises an impeller

55 core inclosed within a covering shell which 1t is
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sweated or otherwise secured to turn as a unit
therewith. The shell is formed with a central
chamber 20 which is elliptical in the direction of
the axis but circular in a direction perpendicular
to the axis. Tubular extensions 2f and 22 at
opposite sides of the central chamber and con-
centric with the axis of the chamber provide in-
lets for the chamber and are flared at their outer
open ends 23 to admit the fuel or liguid to be
-pumped. For reasons hereinafter explained, the
diameter A—A cof chamber 20 is preferably twice

>
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the diameter B—B of either inlet tube 2{ or 22, -

Hence, chamber 20 has a capacity which is four.

times the capacity of one inlet or double the
capacity of two inlets. The rofor shell is in-
closed within the stator casing with the tubular
extensions 2§ and 22 extending outwardly
through the journal boxes I8, as shown in Fig-
ure 1; the journal portions 24 of the extensions
being immediately engaged by the packing and
ball races of the journal boxes.

The central chamber 28 occupies less than the
full space within the stator casing so as to pro-

15
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vide a circular-elliptical chamber 25 surrounding -

the rotor chamber and in communication with
the interior of the rotor chamber through a plu-
rality of orifices 26 in the inclosing wall of the
latter. The number and size of the orifices 26
preferably are so proportioned that the sum to-
tal orifice area presented thereby is greater than
the capacity of the pipes or tubes 21 and 22.
Chamber 25 is divided into two concentric com-

25
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partments of Venturi-like cross section by con-

centric impeller on the rotor. In the disclosed
embodiment of the invention, this is shown as
comprising a centrally located outstanding con-
centric flange or ridge 27 on. the periphery of
the rotor chamber 20. The ridge is flufed,
grooved, or otherwise provided, on opposite sides
to provide three-sided radial buckets 28,. open
on their outsides, as shown to advantage in Fig-
-ures .2 and 3. These buckets extend into the
peripheral section {0 of the stator casing and
serve to pick up the liquid from the compart-
ments of the stator chamber 25. Each bucket
is in direct communication with the interior of
the rotor chamber 20 through a bottom opening
29. TFor reasons of stress and vibration, the ra-
dial buckets are staggeredly arranged along their
central division. i
The flow of liquid from the compartments of
the stator chamber 26 into the buckets 28 is
accelerated by small propeller-like blades on and
perpendicular to the outer surface of the rotor
chamber 20. Two groups of such blades are pro-
vided in each compartment, each group prefer-
ably consisting of four equi-spaced blades; the
blades of one group being staggered with respect
to the blades of the other group. The outer-
most group of blades 30 is set low on the outer
circular periphery of the. elliptical rotor shell
and the innermost group of blades 30a is set
high, as seen in Figures 1 and 5. On each side
" of the ridge 27 is a dural ring 21 of the cross-
sectional design shown and concentric with the
- rotor axis. These rings bridge the open sides
of the buckets 28 and. fit closely against the
inner top surfaces of the side sections if and
§2 of the stator casing adjacent their connec-
tions with the peripheral section (8. Each ring
has an integrally formed annular attaching
flanze 32 extending into the peripheral section
to be engaged by the fastening members (4.
These rings are designed to reduce the cross sec-
tional areas of the passages through which lig-
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uid flows into the buckefs 28 from the compart-
ments of the stator chamber 235, and provide, in
effect, an annular series of Venturi-like aper-
tures or passages 33 on opposite sides of and
adjacent the base or root of the concentric im-
peller 21. Differently sized and interchangeable
sets or pairs of such rings are provided for selec-
tive use whereby the pressure and volume of the
pump may be carried within the limits. Figures
7 and 8 illusirate, on a reduced scale, the use of
differently sized rings, the rings 3le of Figure 7

" proportionately being of smaller size than the

rings 3{ of Figure 1 while the rings 31b of Figure
8 are proportionately larger. -

~." The impeller core of the rotor comprises a

number of centrifugal impeller blades or vanes
arranged within and dividing the rotor chamber
28 radially along 'its axis into compartments,
and a feed screw or helical conveyor within and
coextensive in length with each tubular exten-
sion or inlet. The screws are oppositely pitched
to feed into the compartments of the chamber
28 during the pumping action of the rotor. In
the construction illustrated, the impelier core
consists of two Archimedean double spirals or
co-axial screws 34 and 34a right and left hand -
pitch, respectively, each screw providing four
separate paths or channels for the liquid flow.
These screws are spaced apart at their inner op-
posing terminals by a four-bladed centrifugal
impeller 35. The centrifugal impeller may be
formed as an integral part of the double spirals .
34 and 34ec by enlarging and straightening the
double spiral vanes V and Va of the impeller core
s0 as to cause them to bisect each other at right
angles along the axis of the screws. Hence, the
central rotor chamber 20 is divided into four

‘equal quadrants, and each tubular extension 21 -

and 22 is divided into four spiral liquid conduits
as shown in Figure 2. Bach quadrant receives
the discharge from one of the conduits of the
left hand screw and also from the corresponding
spiral conduit of the right hand screw. Obvi-
ously, the impeller core may be constructed to
provide any other desired number of central

. chamber compartments and spiral conduits.

&0

These compartments prevent any slippage of
fluid on the inner periphery of the chamber dur-
ing rotation of the rotor whereby the motion of
the fluid discharged thereinto from the Archime-
dean spirals is effectively changed from a heli-

- cal path to one of rotation in a plane at right
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angles to that of the axis of rotation. At the
outwardly flared ends 23 of the tubular exten-
sions the vanes V and Va of the impeller
screws extend in planes bisecting each other at
right angles along the axis of the screw, as shown
in Figure 14. These straight or flattened sec-
tions of the vanes are provided at their outer
edges with blades or deflectors ¢, f, g and R, an-
gularly inclined and pitched in the manner illus-
trated to impel the liquid into the flared ends of
the tubes during the rotation of the latter. By
the action of centrifugal force, the fluid is forced
outwardly from each compartment through the

multiple orifices in the surface of chamber 20.

For reasons of manufacture, the impeller core
is in two parts, threadably joined at 36.
Various methods and means, suitable to a par-
ticular location and mounting of the pump, may
be used to transmit power to the pump for turn-
ing the rotor. In Figures I and 2, the pump
is shown mounted in the sump 3T of a fuel tank
38. Each inlet 21 and 22 of the rotor is disposed
wholly within the sump and has-a driving spider
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-opera.t!vely associated therewith. This spider, as
shown in Pigures 1 and 12, preferably consists
" of four equidistant members or arms 89 radiat-
- .ing in a common plane from a hub 48 and hav-
- . ing right angle extensions 4f. These extensions
aste welded or otherwise secured to the flared end
23 of inlet and are of a length to space the hub
and arms of the spider outwardly from the inlet
to minimize interference with the flow of lquid
. to the inlet. Each arm of the spider is beveled
in cross section to. function 'as an impeller for

[

3 .

pointed out and described, the pump shown in
Figure 10 is structuraily similar to the pump.
shown in Figure 1 and both types of pump func-

tion in like manner.
In the operation of the pump, the ﬂmd is im~

. pelled into the flared inlet ends of the tubular

10

casting the liquid inward, that is, toward the
inlet, and in addition is provided on its leading -

edge with a feathered scooping lip or vane 42.
‘A. hollow shaft 43 is rotatably supported in a

packed bearing 44 in a side wall of the sump with -

-{ts inner end secured to the hub of the spider
and its outer end connected by gearing 45 with
the drive shaft of a motor-48. Suitable clutches
41 are included in the power transmission for
securing or breaking rotative continuity between
the rotor and the driving devices. One driving

_device is sufficient to operate the pump but two
may be provided so that if one device fails, the
other may be sel In operation. In the event
that a belt or pulley drive is desired, either or

- both extensions of the rotor may be provided with -

8 pulley 48 as illustrated in Figure 9.
A means of connecting the outer ends of the
rotating intakes 21 and 22 of the rotor to sta-
. tionary supply or feed pipes is shown in Figure
11, wherein adjacent ends of an infake and a

- feed pipe are indicated at 22 and 49, respectively.

A stuffing gland 80 is threadedly engaged with
the pipe end -49 -and provides a bearing for the

" .. rotating intake 22 over and.around which it
" . extends as illustrated. The gland is provided

with the packing 81 and a packing nut §2.

For mounting in a tube or capsule, where the
maximum capacity within a minimum overall
‘diameter is desired, a casing exit variation type
of pump is provided, as 1llustrated in Figure 10.
In this type, one side section §3 of the stator
casing is provided with a flanged extension 54
to which the larger flanged end §5 of the pe-

ripheral section 58 is connected by suitable means -

§1. The peripheral section extends completely
around and incloses the other side section 88 of
the stator casing; the journal box 8% of said
section 68 having a snug fit in the flanged ori-
fice 80 at the smaller end of the peripheral sec~
tion. The stator casing side section ¥8 is thus
supported by the peripheral section to which it
is connected as shown at 1. One unit of the

pump mounting, such. as the pedestal $2, is pro-_;
vided on the stator casing side section 93; the

other unit is integral with the peripheral sec-

tion §8. Between its connections with the sta- -

tor casing side sections, the peripheral section
is spaced outwardly from the concentric impeller
63 and from the rotor casing side section §8 to

provide a large capacity outlet chamber 64 to
receive the discharge from the impeller buckets
65. Chamber 84 has its outlet through a pipe

or conduit 88 extending laterally of the chamber .

in the axial direction of the rotor. The conduit
88 is formed as an integral part of the peripheral
section §6 and, together with the chamber 64 is
located almost wholly within the circumferential
dimensions of the concentric impeller 63. In
other words, as compared with the tangential
exit type of pump illustrated in Figures 1 and 2,
the lateral exit type of pump shown. in Figure
10 is of smaller total overall diameter. Aside

20
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‘surface.

-extensions of the rotor by the action of the cast--
“ing impellers 38 and the deflectors e, f, g and h

at the respective inlets of the ‘extensions. The
liquid is tlien acted upon by the screws 34 and
34a and forcibly fed into the separate compart-
ments of the rotor central chamber 20. This
is the first stage of the pumping cperation. The

“separated bodies of fluid in the: compartments-
" are acted upon by centrifugal force in proportion

to the increase of the central chamber diameter
A—A over the inlet diameter B—B and fly quick-
ly to the circular periphery of the chamber 20
and exit through its perforated colander-like
This is the second stage. The diam- -
eter A—A provides for more than twice the ca-
pacity provided by the diameter B—B. There~
fore, there is created in -the central chamber
20 in proportion to the centrifugal force a par-
tial vacuum which tends to accelerate the feed
of the fluid from the inlet and increase the ef-
ficiency of the first stage. The fluid exiting
from the revolving chamber 20 enters the outer
stationary chamber 25 and passes through the
Venturi passages 33. In this, the third stage, the
propelier blades 30—30a on the periphery of the
rotor asset in evacuating chamber 25 by forcing
the fluid from both sides towards the central out-
lets 38. In the fourth and last stage, the fluid

passing through the Venturi-like passage 33 is

picked  up by the buckets of the concentric im-
peller and discharged in large volume at maxi-

" mum force into the outlet chamber of the stator

40
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from-the specific distinguishing features already 75

casing peripheral section. Fluid also passes di-
rectly from the rotor chamber 20 to each bucket
of the concentric impeller through the opening
in the root or bottom of the bucket. From the
outlet chamber, the fluid passes under pressure

- through the pump outlet for conveyance in any
= suitable manner to the point or points of de-

livery.

- It is understood that although the pump struc-
tures herein - described and illusirated embody
certain specific designs, the ideas and principles
disclosed are by no means limited to these same, -
but are applicable to and may be used with any
number of other suitable designs and vanations
as conditions may indicate.

Having thus disclosed the invention, what is -

- claimed as new and patentable is:

1. A multi-stage fluid pump having, in combi-
nstion, a feed screw, a centrifugal impeller hav-
ing a center intake at the fluid-exit end of the
screw, & chamber enclosing the centrifugal im-
peller for receiving the fluid-discharge of the
centrifugal impeliler and having an annular Ven-
turi-like fluid exit passage, an evacuating pro- -
peller in the chamber for boosting the fluid flow
toward the Venturi-like fluid exit passage of
the chamber, an annular outlet chamber in
communication with the Venturi-like fluid exit
passage of the chamber, and a centrifugal im-
peller operatively associated with the first-men-
tioned centrifugal impeller to be rotated there-
with and disposed between the fluid receiving
chamber and the outlet chamber to receive the
discharge from the fluid receiving chamber and

“to deliver it to the outlet chamber.

2. A multi-stage fluid pump having, in combi-
nation, a feed screw, & centrifugal impeller hav-
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ing a center intake at the fluid-exit end of the
screw, & fluid receiving chamber operatively as-
sociated with the centrifugal impeller for re-
ceiving the fluid discharged therefrom and -hav-
ing an annular Venturi-like outlet orifice, an
outlet chamber extending circumferentially of
the fluid receiving chamber and in communica-
tion with the outlet orifice of the fluid receiv-
ing chamber, an evacuating propeller in the fluid
receiving chamber for boosting the fluid flow to-
ward the outlet of the said chamber, and a cen-
trifugal impeller having circumferential buck-
ets operatively associated with the said cham-
bers to receive the discharge from the fluid re-
ceiving chamber outlet and to deliver it to the
outlet chamber. :

3. In a pump, & power-driven rotary tube hav-
ing an enlarged bulbous middle portion provided
with multiple orifices in its periphery, spiral con-
duits in the ends of the tube and discharging into
the bulbous portion, radial vanes in said bulbous
porticn forming compartments having - outlet
through the said multipie orifices, a centrifugal
impeller on the periphery of the bulbous portion
of the tube and including an annular series of
buckets extending radially outward in a common
plane perpendicular to the axis of the tube and
substantially equidistant from the ends of the
tube, each of said buckets being open at its side
and outer end, a stationary chamber inclosing
the said bulbous portion of the tube and being
of reduced cross sectional area at the open sides
of the buckets to provide an annular Venturi
orifice on each side of the impeller, propellers on
said bulbous portion and operating in the sta-
- tionary chamber to assist in the evacuation
. thereof, and an outlet chamber in communi-

cation with the cuter ends of the impeller
buckets.
4. A multi-stage ﬁuid pump having, in com-
bination, a rotating tube having an -elliptical
- bulbous section, said section having multiple ori-
fices in the periphery, a spiral inclosed in an
“open end of the tube and connected with the
latter to rotate therewith for delivering fluid into
said section, means in said section for changing
the fluld motion from a helical path to one of
rotation in & plane at right angles to the axis of
rotation whereby the fluid is expelled centrifu-
gally through the peripheral orifices, a stationary
annular chamber concentrically about the bulb-
ous section for receiving the fluid expelled from
the said section, said chamber having a concen-
tric annular Venturi-like outlet opening, & cir-
cular group of fluid impelling members within

the stationary chamber and integral with the pe-

‘riphery of the bulbous section to rotate there-
with about the axis of the chamber to force the
fluid in the chamber toward the outlet opening,
& centrifugal impelller concentric with and con-
nected to said rotating tube to turn therewith
and having radially disposed buckets. bridging
the said Venturi outlet opening to-receive its
fluid discharged therethrough and a peripheral
ottlet chamber in communication with the out-
lets of the buckets.

5. A multi-stage pump having, in combina-

tion, first stage means including an induction

screw, second stage means including a centrifa-’

gal impeller at the eduction end of the screw
. and -of larger diameter. than the screw, third
stage means including a stationary Venturi cham-
ber of double Venturi-like cross section concen-
tric with and embracing the second stage ce;:
trlruga.l impt;ller and evacuatlnz propellers wit!
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~in the chamber concentric with and opera.t.tvely .

10

20

25

connected with the said centrifugal impeller to
turn therewith, and fourth stage means including
a centrifugal impeller of larger diameter than
the second stage centrifugal impeller and having
a ring of radial discharge buckets at the educ-
tion throat of the Venturi chamber to receive the
output of the said chamber.

6. A multi-stage pump having, in combination,
first stage means including a rotary power driven
eduction screw, second stage means including a
centrifugal impeller operatively connected: with
the screw at the eduction end of the latter to -
turn therewith and being of larger diameter than
the screw to boost the output thereof, third stage
means including a stationary Venturi chamber
of double Venturi-like cross section concentric
with and embracing the centrifugal impeller and
evacuating propellers within the chamber and
operatively connected with the centrifugal im-
peller to turn therewith, and fourth stage means
including a centrifugal impeller of larger diame-
ter than the second stage centrifugal impeller
and having a ring of radial discharge buckets
at the eduction throat of the Venturi chamber
to receive the output of said chamber, said fourth
stage centrifugal impeller being operatively con-
nected with the  second stage .cenfrifugal im-

_ peller to rotate therewith. ;

30
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7. A pump having, in combinatlon a rotary
power-driven vane assembly having a colander-
like inclosing wall provided ‘with & center inlet
opening, a screw operatively associated with the
said assembly to rotate therewith for delivering
fluid thereto through the said inlet opening, a
stationary chamber around said assembly for

eiving the fluid discharged through the multi-

plé orifices. in the said colander-like wall, said
chamber having a Venturi outlet, and multiple
propellers in said sta_tiohary chamber and opera-

- tively connected with the vane assembly to ro-

tate therewith for propelling the fluid of the sta- .
tionary chamber toward and through the said -
Venturi outlet.

8. A pump having, in combination, a central
elliptical rotatable chamber provided with a cen-

_ ter inlet and a colander-like discharge surface,
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said chamber having radial compartments, a
screw at the said inlet and operatively associ-
ated with the said chamber to rotate therewith
for delivering fluid to the chamber, a stationary.
Venturi chamber around and concentric with
said rotatable chamber for receiving the fluid dis-
charged through the muiltiple orifices in the said
colander-like discharge surface of the rotatable
chambper, said Venturl chamber being of double-
Venturi-like cross section with its annular throat
portion opening radially outward in a central -
plane perpendicular to the axes of the chambers,

impeller buckets on the periphery of the rotat- -
able chamber and extending through the throst

portion of the Venturi chamber, said buckets be-

‘ing open at their outer sides and ends, and a

volute-shaped outlet chamber lncloslng the outer
ends of the impeller buckets.

9. A fluld pump having, in combination, a
power-driven rotary elliptical chamber having
co-axial fluld inlet tubes at opposite sides and
multiple fluid outlet orifices in its inclosing pe-
ripheral wall, the maximum diameter of the
chamber being substantially twice the dinmeter

_of either inlet tube and the number and sizes

of the multiple orifices beirg such that the sum

" total orifice area thercof is greater than the

_orifice area bf»the inlet tubes, a fluid feed screw-.



mounted in each tube to turn therewith and
pltched to discharge into the elliptical chamber,
radial vanes in said chamber for changing the

9,973,558

fluld motion from a helical path to one of rota- - ‘

tion in a plane at right angles to the axis of rota-

tion whereby the fluid is expelled from the cham-

" ber through the multiple orifices by a direct cen-
trifugal force equal fo the radius of the chamber
at any point plus the speed of rotation and sup-
plemented by the combined force of the screws

and a partial minus pressure within the cham-

ber, a ring of impeller bucket on the periphery

of the chamber and in a common central plane

. av right angles to the axis of rotation of the

‘chamber, an outer stationary elliptical chamber:

_surrounding the rotary elliptical chamber at op-
" posite sides of the impeller buckets and having
concentric Venturi-like orifices on each side of the
impeller buckets, and an outlet chamber inclos-
ing the buckets at the discharge outlets thereof.
_ 10. A pump having, in combination, a centrifu-
gal impelier having a central fluid intake and a
radial fluid outlet, a fluid-receiving chamber ex-
tending circumferentially of the sald impeller
- for recelving the fluid discharge from the latter,
said chamber having a Venturi-like annular fluid
exit passage leading radially and centrally out-
ward of the chamber, an annular outlet cham-
ber extending circumferentially of the fluid-re-

ceiving chamber and covering the said fluid exit
passage of the latter chamber, a centrifugal im- -

peller operatively associated with the said cham-
bers to pick up the fluid at the outlet of the
fluid-receiving chamber and to deliver it under
centrifugal force to the outlet chamber, and
booster impeller in the fluid-receiving chamber for
boosting the fluid flow toward. and through the

10-
" - within the chamber and reducing the cross.sec-
‘tionai area of the chamber at each side of the

20
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Venturi-like fluid exit passage of the said cham- -

ber.
11. A pump having, in combination, a rotary
centrifugal impeller having a center intake open-

ing and radial discharge openings, a fluid-re- -

ceiving chamber having its inlet open to the said
impelier for receiving the radial discharge from
the latter, and having a Venturi-like cutlet, an
_ outlet chamber contiguous to and in communi-

cation with the Venturi-like outlet of the cham-
ber, and a booster impeller within the fluid-re-
celving chamber and operatively connected with
the centrifugal impeiler to be rotated therewith
for boosting the fluid flow toward
the Venturl-like outlet.. - ;

12. A pump having, in combination, a power-

elliptical bulbous section provided with a fluid
inlet aperture in the side and multiple fluid out-
let apertures -in its periphery, fiuid  impelling
means within and rotating with the chamber for
forcing the fluid through the multiple outlet
apertures, a stationary fluid-receiving chamber
enveloping the said rotor to recelve the fluid from
the said outlet apertures of the rotor chamber
‘and having a circular fluid-exit passage opening
circumferentially and centrally outward there-
‘of, & peripheral outlet chamber contiguous fo and
'in communication with the sald fluid-exit pas-

sage of the stationary chamber, a centrifugal -

impeller on the external periphery of the bulbous-
- lke chamber and extending into the fluid-exit
. passage of the-stationary chamber to divide the

said chamber into separate axially aligned com--

partments, and means within each compartment
and reducing the cross sectional area of the com-
partment at the inlet to the said centrifugal
impeller to provide a Venturi-like. passage
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through which the ﬂnidof tiie compartment

. passes to the said impeller. -

'13.A pump having, in combination, a rotary
centrifugal impeller, a stationary chamber about

‘the periphery of the impeller and having separate

non-communicating compartments for receiving
the centrifugal discharge from the impeller, said

‘chamber having a central circumferentially ex-

tending outlet orifice. common to and opening
radially outward of the said compartments, means

outlet orifice-to provide in each compartment
a Venturi-like passage connecting the compart-

- ment of the chamber with the outlet orifice, and

a peripheral outlet chamber in communication
with the said orifice. : )

14. A pump having, in combination, a rotary.
centrifugal impeller, a stationary chamber about
the periphery of the impeller for. receiving the
centrifugal discharge from the impeller and hav-
ing a central circumferentially extending outlet

‘concentric with and facing radially outward of
‘the impeller, means integral with' said impeller
-and extending into the said chamber-and its out-

let to partition the chamber into oppositely dis-
posed conipartments having separate fluid-outlet
passages, said partition means including radially
disposed buckets operatively ‘associated with the
said fluid-outlet passages to receive the fluid pass-
ing therethrough, removable annular .members
within the chamber and concentric with the par-.
tition means, said members collectively being of
a configuration. producing a reduction in the
eross sectional area of the chamber and being
relatively arranged adjacent opposite sides of the
partition means to provide Venturi-like passages
through which the fluid of the compartments
passes into the buckets of the partition means,
and a peripheral outlet chamber in communi-
cation with the said buckets to receive the fluid
discharged therefrom. =~ - - o
15. A pump comprising a power-driven hollow
rotor of elliptical bulbous contour having oppo-

" &itely disposed axial inlet openings and multiple

" driven rotor having a fluld-receiving chamber of
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outlet apertures in its periphery, jinduction spirals
discharging into said inlet openings, radial com-~
partments in said hollow rotor for receiving the

“discharge from the said spirals and expelling

and through §° :

same. through the outlet apertures, a stationary
chamber surrounding the rotor and having a

" peripheral passage concentric with and opening

radially and circumferentially outward of and
in the equatorial plane of the rotor, impeller
means integral with said rotor and including op-
positely disposed radial buckets on the periphery
of the rotor and extending through the peripher-
al outlet. passage of the stationary chamber, said
buckets being open to the chamber on their out-
er sides and tips and to the interior of the rotor
through bottom apertures, said chamber being of
reduced cross sectional area in the vicinity of the

- peripheral outlet to provide on each side of the

buckets an annular Venturi-like orifice through
which discharge is -effective from the chamber
into the buckets. - ) : .

16. A fluid ‘pump having, in combination, a °

rotatable tube having an inlet and an outlet,

‘g screw mounted in said tube to be rotated there-
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with, impeller elements on the end of the screw .
adjacent the inlet of the tube to impel fluid to-
ward the screw, and impeller elements secured
to -the inlet tube in outwardly spaced relation
to the impeller elements of the screw for casting
fluid toward the screw impeller elements.
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17. A fluid pump having, in' éo'mbination',? a ro- the axis of the screws, and blade elements pro-
tatable tube having an inlet and an outlet, a plu- vided at the outer edges of the said vanes and

rality of co-axial screws mounted in said tube - angularly inclined to impel fluid into the inlet
to be rotated therewith, said screws terminating of the tube.
adjacent the inlet of the tube in straight vanes 5 - -

: WALTER K. BURGESS.
- extending in planes bisecting each other along : :



