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PUMPING SYSTEM
John E. Armstrong, Berkeley, and Jack E.

Piccardo, Oakland, Calif., assignors to Jacuzzi

Bros., Incorporated, a corporation of California
Application July 15, 1941, Serial No. 402,468
(CL 103—5)

9 Claims.

Our invention relates to pumping systems, and
more particularly to a system utilizing a pump
of the injector type.

This applieation is a continuation in part of
our application for Pump and pump system,
Serial No. 396,018, filed May 31, 1941.

Injector pumps, as conventionally designed,
comprise & pump unit of one or more impeller
stages, and an injector assembly including g ven-
turi and a nozzle connected in the suction line
to the pump unit. The last impeller stage dis-
charges usually to the pressure tank of a pressure
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system, an overhead tank, or sometimes at open -

discharge, while a portion of the discharge is
diverted to the nozzle of the injector assembly.
The number of stages is determined by the pres-
sure requirements of the injector assembly, and
this in turn is a function of the depth of water
level in the well.

In installing a pressure system, including a
pump of the injector type, the maximum permis-
sible output of the pump must be carefully cor-
related to the pressure and volume requirements
of the injector assembly, to preclude stalling of
the pump under conditions when heavy demands
are made upon it. Accordingly, it has always
been necessary to insert in the discharge connec-
tion, a control valve, and, as a final step in the
installation of such a system, the control valve
had to be adjusted until the pressure and volume
of liquid to the injector assembly approached that
point where the pressure and volume were in-
sufficient {o sustain operation of the pump sys-
tem. The control valve was then left in its ad-
justed position, and was not to be tampered with
by the customer or consumer,

Ingsmuch as such adjustment necessarily re-
stricts the maximum output of the pump unit to
a value below its actual physical capacity to de-
liver, the desire to realize as great an output as
possible under the circumstances, renders this
adjustment a rather critical one, and it is further
complicated by the fact that consideration must
also be given to the probable seasonal changes
apt to occur in the water level of the well

throughout the year, and at times when heavy.

demands are made upon the system. If these
facts are not gauged properly, one is apt to find
that during a dry spell or as a result of any other
condition which might result in a lowering of
the water level in the well, the system will fail to
supply water, and a further adjustment of the
control valve will be required to restore the sys-
tem to a condition of operativeness. Such fur-
ther adjustment will necessarily have to be in
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a direction imposing a greater restriction on the
output of the pump system.

Among the objects of our invention is to pro-
vide a novel and improved pumping system in-
cluding an injector type pump,

(1) In which the aforementioned adjustments
have been eliminated,

(2) Which requires no control valve,

(3) In which the injector assembly has been
effectively isolated from thg discharge of the
pump unit, '

(4) In which the pressure at discharge shall
approximate that desired in a pressure system,
without upsetting the conditions necessary to
assure continued operativeness of the injector
assembly, o

(5) In which the pump unit need not be re-
stricted as to maximum discharge to preclude
stalling of the pump system, and

(6) Which not only requires no adjustments
upon installation, but is capable of considerable
increase in output capacity over the conventional
system and at pressures within ranges desired,
regardless of the depth of water level in the well.

Additional objects of our invention will be
brought out in the following description of the
same taken in conjunction with the accompany-
ing drawings wherein-- .

Figure 1 is a conventionalized sectional view
of a pressure system embodying our invention,
said view being split and displaced to conserve
space and permit of an enlarged showing,

Figure 2 is a sectional view taken along the
line 2—2 of Figure 1 and partly broken away to
expose underlying structure.

Figure 3 is a graph illustrating characteristics
of the improved system of our invention.

Broadly speaking, our invention involves a
modification of conventional type pump systems
of the injector type, whereby we are enabled to
sufficiently isolate the injector assembly from the
discharge of the pump unit as to always main-
tain the system in a condition of operativeness,
irrespective of demands upon the system, or pre-
dictable changes in water level of the well, This
we accomplish by creating a multiple stage pump
unit of the required number of stages to provide
effective operation of the injector assembly at
the lowest level to which the water in the well
may at any time fall, and then supplying the con-
sumer’s requirements from an intermediate stage,
which theoretically might even include the ini-
tial stage of the pump unit. With the interme-
diate stage desighed to permit of a sufficient flow
to the subsequent stage under conditions of maxi-
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mum discharge from the intermediate stage, we
have found that the injector assembly will not
be influenced in its operation to the extent of
rendering it incapable of functioning to main-
tain pump operation at any time when operation
is desired, even under maximum discharge con-
ditions. :

Such isolation of the injector assembly from
the discharge under the conditions noted, dis-
penses with the necessity for a control valve in
the discharge connection, and what is more sig-
nificant, eliminates entirely, the rather delicate
and troublesome adjustments of such valve in
setting up a system for operation,

Referring to the drawings for a more detailed
description of our invention, we have illustrated
the same as applied to a pump system of the type
forming the subject of the patent to Jacuzzi, No.
2,150,789, of March 14, 1939, as incorporated in &
pressure system, although it is not necessarily
limited to the particular, structure of the patent
referred to.

In describing our invention, the term ‘“pump
unit” is employed to designate the multiple im-
peller stage assembly, “pump system” to include
the “pump unit” and associated “injector assem-
bly,” while the expression “pressure system” is
utilized to designate the “pump system” with pres-
sure tank and associated distribution system.

The pump system may be conveniently divided
into two portions, that portion 5 located in the
well casing 6 below ground level, and the pump
unit 7 located above ground. The portion below
ground and located in the well casing is conven-
tional structure and is not a part of the present
invention, except in so far as it comprises an ele-
ment of 8 new combination when considered in
connection with the pump unit T above ground
and the associated distribution system.
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Such apparatus below ground, comprises a foot 40

. valve || disposed below the liquid level in the
well, and forming the lower terminal of the suc-
tion line {3 which leads upward to the pump unit
1. Connected into the suction line, is the injec-
tor unit assembly 5 comprising a venturi {7 and
a nozzle 19. As is conventional, the venturi is
disposed to receive water from both the well and
the discharge end of the nozzle {9, the nozzle be-
ing provided with a separate input passage 24
connecting to the pressure line 23, which in furn
extends upwardly for connection to the pump
unit 1.

The pump unit which, in a conventional sys-
tem, may straddle the upper end of the well cas-
ing 6, or as in some installations, may be located
off to one side, comprises in the present instance,
a plurality of impeller stages 25 stacked one upon
the other for operation in series, and secured
together by a plurality of casing bolts 26.

Each stage comprises & generally cylindrical
casing section 21 (Figure 2) provided with an
offset 29, and having an end wall 3 with a cen-
tral opening 33. Housed within each casing sec-
tion is an impeller unit 35 of the centrifugal type.
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All such impeller units are affixed to a common 65

impeller shaft 371, extending longitudinally
through the casing formed by the casing sections
21, and are accordingly adapted to rotate upon
rotation of such shaft, This shaft exiends
through a suitable packing gland 41 in the end
wall of the last stage, and is connected for rota-
tion to the shaft 43 of a driving motor 45, through
a suitable coupling 47, the driving motor being
mounted on a bracket 49 formed integral with
the upper casing section,
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To provide for smooth stream-lined flow of
water through the various stages in series, inter-
mediate guide elements, or spiders §i, as they are
sometimes termed, are provided, one for each
stage. Each of sald spiders is of star-shaped
contour (Figure 2), having a plurality of ribs 53
across the upper surface, extending from the
points of the star toward the center. The ribs
are curved to define passages offering minimum
resistance to fiow of liquid from the outer edge
inwardly toward the input end of the impeller
of the next stage. These passages, each receive
the output of a preceding impeller via a Venturi
opening 55 in each alternate peripheral wall of,
the spider, whereby the velocity of the impeller
discharge is converted to pressure.

‘Each guide element is press fitted or otherwise
secured within its associated casing section and
has an iniernal diameter permitting free rota-
tion of the impeller therein. By reason of the
presence of a plurality of guide channels dis-

.tributed uniformly about the guide element or
spider, it is well adapted to receive the discharge
from an associated impeller durthg continuous
rotation thereof, and guide such discharge with
a minimum of loss, to the input of the impeller
associated with the following stage in the series.
This applies to all guide elements, except the
guide element of the last stage, which is designed
to receive the output of ifs associated impeller
and direct the same into a by-pass channel 62,
to be described, for use in operating the injector
assembly.

Each of the casing sections 21, except the sec-
tion of the last stage, is cast with an independent
passage 63 longitudinally through the offset 29
of the casing section, which, upon assembling of
all the sections of the pump unit, cooperate with
the last stage, to provide the by-pass channel
62 previously referred to.

The entire assembly of stages is supported upon
a base section 65 which is secured thereto by the
casing bolts 26 and is adapted to straddle the
well casing 6. This base section is cast with a
horizontal transverse wall 67 and a partition 69
dividing the base section into two chambers T{
and 13. One of these chambers, Tl, opens into
the input side of the impeller of the first stage,
and the transverse wall 61 is provided with a
threaded opening for receiving the upper end of
the suction line 13. The other chamber, 13, con-
nects with the by-pass 62 and terminates in a
threaded opening in the transverse wall 67 to
which the pressure line 23 is connected.

The impeller shaft 31 extends centrally through
the base section 65 which carries an end bearing
15 for the shaft.

One of the intermediate stages is formed or
otherwise provided with a discharge spout T1.
In this stage, the spider 5{ is preferably formed
with shortened ribs 78 adjacent the spout, to
facilitate the flow of water therethrough. The
stage to be selected is preferably that one which
will discharge at approximately the pressure de-
sired in the pressure system. In the system as
illustrated, the stage selected is the second stage
and it is connected to the pressure tank 719 of
such a system by a pipe connection 8. Unlike
conventional systems, this pipe connection is de-
void of any control valve. The customary pres-
sure switch 83 is tapped into this connection,
whereby it is made responsive to the pressure
existing in the pump unit and tank at all times,
and in turn is connected, by means of suitable
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cable 88, in the conventional manner {o the pump
motor to control its operation.

When installing & pressure system of the char-
acter described, and-after all connections have
been made, the system is ready for operation
under any of the conditions normally apt to exist
in such installation. None of the aforementioned

adjustments has to be made, and this not only .

facilitates the *actual installation, but assures
continued operativeness of the system and free-
dom from fallure, from such causes as have
already been mentioned.

The operation of our improVed pressure sys-
tem and the advantages derived therefrom are
explainable by reference to the graph of Figure 3,
wherein we have depicted curves representative
of a three stage pump unit, with the pressure
tank connected to the second stage, and the in-
jector assembly fed from the terminal or last
stage, all as illustrated in the drawings.

The curve A represents the discharge curve
of a conventional pump system where the dis-
charge is taken from the terminal stage that
supplies the injector assembly. The stable oper-
ating range of the pump system occurs along
the solid line portion of the curve, while the
dotted line portion represemts an unstable or
transient condition of the pump system, and
indicates the changes in discharge pressure oc-
curring in that brief period of operation through
which the pump system goes in the process of
stalling.

-The curve B represents the characteristics of
the supply to the injector assembly in a conven-
tional pump system of the type described. The
solid line portion corresponds to that of the dis-
charge curve A and represents stable operation,
while the dotted line portion represents the pres-
sure changes occurring during the same brief
period involved in the process of stalling. This
process of stalling is stimulated, when the dis-
charge pressure of curve A is permitted to fall
below the critical value represented by the end
of the stable operation portion of said curve, and
is apparently the result of a cumulative mutual
effect between the pump unit and the injector
assembly.

Inasmuch as both the discharge pressure and
the supply pressure in the conventional system,
are developed in the same stage, namely the ter-
minal or last stage, the pressure existing at any
instant in the supply to the injector assembly will

be the same as that of the discharge, and, there-

fore, upon the dropping of the discharge pressure
below the critical value, the resulting transient
condition set up, will cause the supply pressure to
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of the purp system will be maintained in spite of
any lowering of the discharge pressure. The
discharge characteristic of the pump system,
therefore, has no critical value of pressure, and
the system is stable at all pressures which may
be developed at the discharge. Thus, the effect is

.to extend the stable operation portion of the sup-

ply curve B along the dotted line portion to some.
point of lower pressure such as at point D, which
valite is still sufficlent to maintain the system in
operative condition.  Below this value, the pres-
sure will be precluded from dropping by reason of
the fact that the pressure of the discharge will
have reached its minimum value at that time.

Our invention does not forbid the simultaneous
use of other intermediate stages of the pump unit,
for obtaining open discharge, for example, at
pressures developed In such stages during opera-
tion. As fllustrative of this, we have shown the
first stage of the pump unit of Figure 1 as being
provided with a spout 87 and a connection 89 ter-

- minating in a spigot 91 for open discharge. When
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slide to a value below that essential toward main- -

tenance of operation of the pump system, and the
system will stall. This explains why in a con-
ventional system, a control valve is & necessary
element and why the adjustment of such a valve
is a delicate and critical matter.

With further reference to the graph, the curve
C represents the discharge curve of the second
stage of the pump system under consideration.
‘The pressures existing simultaneously at the dis-
charge and in the supply to the injector assembly
are no longer the same as in the conventional sys-
tem, but the value of the supply pressure to the
injector assembly, is maintained at a substantially
higher value than that at the discharge. When
this difference is such as to satisfy the require-
ments of the injector assembly under conditions
existing at the lowest level to which the water in
the well may at any time drop, the operativeness
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such is the case, the effect on the water level in
the well will be taken into consideration in deter-
mining the differential in pressure to be main-
tained between the supply to the injector assem-
bly and either of the discharge stages.

As stressed in our co-pending spplication, pre- -
viously identified, we have found a considerable
increase in output over the conventicnal system
can be realized from the first stage of &« punip unit
as illustrated, and at practically zerc pressure.
These characteristics admirably adapt the system
for irrigation purposes.

Similarly, a greater output, though to a some-
what lesser extent, may be realized by taking the
water from the second stage, for example. At
this stage, the pressure at discharge will be of a
value between that of the first stage discharge
and that developed in the terminal stage. In-
asmuch as the pressure in the terminal stage
is often far in excess of that really desired in a
pressure system, our invention, in addition to the
advantages ef eliminating troublesome adjust-
ments of the system, offers the added advantages
of permitting the consumer considerable leeway
in selecting the pressure he desires in his pressure
system, with operation at such pressure accom-
panied by an increase in the output of the pump
system over what one could realize under conven-
tional practice.

From the above description of our invention, it
will be appreciated that, in a pressure system, the
presence of a control valve and the necessity for
properly adjusting the same in the installation of’
such system, is completely avoided and that all
the objects of our invention will be fulfilled.
While we have described one embodiment of our
invention in detail, the same may be susceptible to
variations and changes withoui departing from
the spirit thereof, and we, accordingly, do not de-
sire to be limited in our protection to such de-
tails, except as may be necessitated by the ap-
pended claims.

We claim:

i. A pump system comprising a pump unit hav-
ing a plurality of stages arranged in series; a
suction line connected to the input of the initial
stage of said series; an injector assembly in said
suction line and including a Venturi and a nozzle;
a pressure line connecting said nozzle to one of
said stages beyond said initial stage; and a valve-
free discharge passage from one of said stages pre-
ceding the stage to which said injector nozzle is
connected,
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2. A pressure system comprising a pump unit
having a plurality of stages arranged in series;
& suction line connected to the input of the initial
stage of said series; an injector assembly in said
suction line and including a Venturi and a nozzle;
8 pressure line connecting said nozzle to one of
said stages beyond said initial stage; a pressure
tank; and a valve-frée discharge passage to said
pressure tank from one of said stages preceding
the stage to which said injector nozzle is con-
nected.

3. A pressure system comprising a pump unit
having a plurality of stages arranged in series; a
suction I'ne connected to the input of the initial
stage of said series; an injector assembly in said
suction line and including a venturi and a nozzle;
a pressure line connecting said nozzle to one of
said stages beyond said initial stage; a pressure
tank; a valve-free discharge passage to said pres-
sure tank from one of said stages preceding tha
stage to which said injector nozzle is connected,
and a discharge passage from another of said
stages preceding that stage to which said pres-
sure tank is connected.

4. A pressure system for a well, comprising a o

pump unit having a plurality of stages arranged
in series; a suction line connected to the input
of the initial stage of said series; an injector as-
sembly in said suction line and including a ven-
turi and a nozzle; a pressure line connecting said
nozzle to the last stage of said series; a pressure
tank; and a discharge connection to said tank
from a preceding stage having a discharge pres-
sure lower than that of (said last stage by an
amount equal at least to the minimum pressure
necessary to maintain operativeness of such sys-
tem when installed in said well.

5. A pump system. for a well, comprising a
pump unit having a plurality of stages in series,
from which discharge at any one of a number of
pressures may be taken; a suction line connected
to the input of said pump unit; an injector as-
sembly in said suction line and including a ven-
turi and a nozzle; a pressure line connecting said
nozzle to said pump unit at a point of high dis-
charge pressure; a pressure chamber; and a dis-
charge connection to said pressure chamber from
said pump unit at a pressure value lower than
that to said nozzle by an amount sufficient to
maintain said injector assembly operative at the
lowest normal level of water in said well.

6. A pump system for a well, comprising a
pump unit having a plurality of stages in series,
from which discharge at any one of & number of
pressures may be taken; & suction line connected
to an early stage of said pump unit; an injector
assembly in said suction line and including & ven-
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turi and a nozzle; a pressure line connecting said
nozzle to a stage of said pump unit of relatively
high discharge pressure; & pressure chamber;
and a discharge connection to said pressure
chamber from a different stage of said pump unit
of a pressure value lower than that to said noz-
zle by an amount sufficient to maintain said in-
jector assembly operative at the lowest normal
level of water in said well.

7. A pump system for a well, comprising a
pump unit having a plurality of pressure levels at
which a discharge may be obtained; a suction line
connected to the input of said pump unit; an in-
Jector assembly in said suction line and including
a venturi and nozzle; a discharge connection
from one pressure level of said pump unit, said
discharge connection being free of any control
valve thereby permitting full capacity discharge
therethrough; and a pressure line connecting said
nozzle to a pressure level in said pump unit high-
er in value than that at full capacity discharge
through said discharge connection by an amount
sufficient to maintain said injector assembly op-
erative in the production of such full capacity
discharge.

8. A pump system for a well, comprising a
pump unit having g plurality of pressure levels at
which a discharge may be obtained; a suction
line connected to the input of said pump unit; an
injector assembly in said suction line and includ-
ing a venturi and nozzle; a pressure chamber; a
discharge connection from one pressure level of
said pump unit to said pressure chamber, said
discharge connection being free of any control
valve thereby permitting full capacity discharge
therethrough; and a pressure line connecting said
nozzle to a pressure level in said pump unit
higher in value than that at full capacity dis-
charge through said discharge connection by an
amount sufficient to maintain said injuector as-
sembly operative in the production of such full
capacity discharge.

9. In a pump system including a pump unit
having a plurality of stages arranged in series,
and an element for receiving the discharge of
said pump unit; a suction line connected to the
input of the initial stage of said series; an in-
Jjector assembly in said suction line and including
a venturi and a nozzle; a pressure line connecting
said nozzle to one of said stages beyond said
initial stage; and a valve-free discharge passage
from one of said stages preceding the stage to
which said injector nozzle is connected, and
leading to such element of the system. ,

JOHN E. ARMSTRONG.
JACK E. PICCARDO.



