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INJECTION FILLED LIQUID PUMP

William T. Livermore, Grosse Pointe Farms, Mich.
(509 Middle River Drive, Fort Lauderdale, Fla.)

Filed Jan. 16, 1953, Ser. No. 331,567
3 Claims. (Cl. 103—42)

This invention relates to a rotary hydraulic. posit_ive
displacement pump of the type employed in recucula_ltm_g
systems wherein only a portion of the delivered fluid is
required for hydraulic apparatus requirements and where-
in a general supply is carried in a sump at ‘or mear
atmospheric pressure.

It is customary in such systems to provide a by-pass
to sump for excess pump discharge not required fgr
service operations, as well as a return to sump for fluid
exhausted from the hydraulic apparatus. It has been
found in pumping systems of this type, particularly where
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the pump is run at high speed, that cavitation may result .

from incomplete filling of pumping elements at the intake
side of the pump when atmospheric pressure alone is
depended upon to produce such filling. Such cavitation
may result in noisy operation of the pump as well as
inefficiency and undue wear of the elements. .
In accordance with the present invention, at least a

substantial portion of the delivered fluid is caused to flow

directly back into the intake chamber of the pump, pref-
erably through a jet nozzle or aperture which feeds such
fluid under a high velocity directly to the pumping ele-
ments at the intake chamber, instead of passing all of
the delivered fluid to the sump as in conventional prac-
tice. Such injection filling has been found in practice
to assure complete filling of the pumping elements, sub-
stantially eliminate cavitation, and produce exceptionally
quiet and efficient operation.

When the pump is run at very high speeds, the cen-
trifugal force imparted to the liquid moved by impellers
at the intake chamber produce a considerable force,
tending to throw the fluid radiaily outwardly before
the impeller reaches the sealing edge of the pumping in-
take chamber and thus produces a considerable tendency
toward cavitation. By injecting hydraulic fluid at high
speed tangentially, or at a slight angle to the tangent
of the rotor, the work required to speed the intake fluid
up to rotor speed is eliminated or substantially reduced,
a smoother flow into the working chamber with minj-
mized turbulence is effected, and/or a substantial pres-
sure in the immediate area of the cut-off -edge of the
intake chamber may be created to resist the centrifugal
forces tending to produce cavitation.

Accordingly, it is the principal object of the present
invention to provide a simple and effective means of
assuring complete filling of the pumping elements at the
intake chamber to an extent not permitted by reliance
on total intake supplied from sump at atmospheric pres-
sure,

Another object is to use direct return of at least a sub-
stantial portion of the discharge of the pump to the in-
take chamber per se instead of to the sump.

Another object is to return such discharge under a
velocity and in a direction which will assist the filling of
the pumping elements, either through imparting at least
a portion of the required rotor velocity to the liquid
moving into the pump impeller chambers, or in building
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an effective super atmospheric pressure head in the final
area of intake fluid engagement by the pump impellers.

Another object is to provide a tangential jet feed for
such directly returned liquid in the direction of impeller
movement at the inlet chamber.

Another object is to provide means for directing a
limited portion of the pump discharge to the sump to
provide necessary cooling in cases where continuous di-
rect recirculation would result in undue heating of the
hydraulic fluid.

These and other objects will be apparent from the fol-
lowing detailed description of a typical embodiment and
from an examination of the drawing thereof.

The drawing comprises a sectional elevation of a slip-
per type rotary pump incorporating provision for in-
jection filling in a schematically shown recirculating hy-
draulic system.

Referring to the drawing, it will be seen that a pump
rotor 10 is adapted to rotate in a counterclockwise di-
rection within a pump housing 11, driving slipper im-
pellers 12 through an eccentric aic in the housing to
provide pumping action between an inlet chamber 13
and an outlet chamber 14 in the housing. Hydraulic
pressure from an outlet port 15 is delivered 1o outlet
passage 16 supplying hydraulic apparatus from which
the hydraulic fluid is exhausted to a sump S. Hydraulic
fluid delivered in excess of apparatus requirements also
communicates through passage 17 with a by-pass valve
18 which may operate as a pressure regulator and safety
valve controlled by the sirengih of the spring 19.

After fluid pressure is built up to overcome the spring,
the by-pass valve is opened and the surplus discharge
from the pump is directed through the passage 20 and

" nozzle 21 directly to the intake chamber 13 of the pump.

Such directly returned fluid is preferably delivered under
velocity in the general direction of the peripheral move-
ment of the slippers passing through the intake chamber
and may be tangential to the rotor. Such velocity de-
livery of fluid directly to the rotors avoids at least part
of the necessity for acceleration of the fiuid in filling the
expanded slipper chambers in the intake arc, thereby as-
sisting smooth flow into such chambers and minimizing
the possibility of turbulence and cavitation, It will also
be seen that fluid delivered under velocity into the intake
chamber 13 may build up an effective pressure head in
any portion of the intake chamber where the form is
such as to reduce velocity. This pressure can be utilized
to overcome centrifugal effects of high speed operation
which might otherwise prevent the hydraulic fluid from
completely filling the slipper chambers.

While it is preferred to deliver the fluid under velocity
in the direction of perimeter travel, it will be understood
that at least a substantial portion of the benefit of direct
return may be obtained through the development of an
effective superatmospheric pressure head in the intake
chamber. For example, if the nozzle 21 were to direct
fluid toward the rotor in a radial rather than tangential
direction, such velocity might be utilized to build up an
effective pressure head which would materially assist in
avoiding cavitation even though such velocity injection
did not directly impart required acceleration to the fluid
in the direction of impeliler travel.

It is important, however, that whatever direction the
velocity injection takes relative to the rotor, it must be
So arranged as to prevent interference with low pressure
flow from the sump. Thus, in the present embodiment,
the intake 22 from sump S is arranged to enter laterally
at the side of the nozzle 21 when the velocity is high
and pressure therefore is at a minimum so that velocity
flow from the nozzle, which may be made high by making
the nozzle small, will not oppose flow from the sump
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but will actually assist such flow utilizing the principle
of jet pump action.
Where delivery requirements for hydraulic apparatus
are intermittent or very small compared to total pump

delivery, it may be desirable to lead a portion of the sur-

plus delivery to the sump, as by -an orifice 23 and pas-
sage 24, to any extent necessary to avoid overheating of
the fluid through direct recirculation. On the other hand,
where the flow to the hydraulic apparatus is continuous

and comprises a relatively large portion of the total out-

put of the pump, it may be desirable to direct a portion
of the fluid returned from.the hydraulic .apparatus di-
rectly to the velocity injector, as by an optional passage
25 under a partial pressure head maintajned by orifice

26 rather than passing it all to sump through return-

passage 27.

While a particular embodiment has been described
above in detail, it will be understood that numerous modi-
fications may be resorted to within the scope of my in-
vention as defined in the following claims. ’

1. In a recirculating hydraulic pressure system, a rotary
positive displacement hydraulic pump having a pump
rotor and an inlet and an outlet communicating with
said rotor, a reservoir for storing hydraulic fluid con-
nected to said inlet, and means for minimizing cavita-
tion in the filling of the pump during the intake cycle of
operation, said means being characterized by fluid pas-
sage means for recirculating a portion of the pump out-
put back to the inlet without passing through said reser-
voir, said passage means directing fluid toward said inlet
and including a restricted discharge opening to provide
a jet action at a velocity exceeding the inlet flow from
said reservoir and in a direction substantially tangential to
the perimeter of the pump rotor thereby effectively super-
charging the inlet of said pump. .

2. In a hydraulic pressure system, a rotary positive
displacement hydraulic pump having a pump rotor com-
municating with an outlet adapted to discharge hydraulic
fluid for meeting hydraulic pressure requirements -and
an inlet for receiving hydraulic fluid passing through
said pump, a reservoir connected to said inlet for supply-
ing said pump with hydraulic fluid, and a branch hy-
draulic circuit between the outlet and inlet of said pump
terminating in a restricted discharge opening directed
substantially tangential to the perimeter of said rotor
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to assist the filling of said pump through jet action at
a velocity exceeding the inlet flow from said reseérvoir
and effective to supercharge the inlet of said pump.

3. In a recirculating hydraulic pressure system having
a reservoir and hydraulic pressure actuated apparatus dis-
charging into said reservoir,.a positive displacement rotary
pump having a pump rotor with fluid impeller elements
and an inlet and an.outlet communicating with said
rotor, a by-pass valve connected to said outlet for vent-
ing a portion of the discharge of said pump, and means
for minimizing cavitation in the filling of the pump in
advance of said impeller elements during the intake cycle
of operation characterized by fluid passage means for
delivering at least a portion of by-passed discharge di-
rectly to said inlet without passing through said reser-
voir, said passage means including a restricted discharge
opening to provide a jet action at a velocity exceeding
the inlet flow from said reservoir directing fluid to said
inlet in a direction generally. tangential to the path of
said impeller elément in said intake cycle of operation
thereby effectively supercharging the inlet of said. pump.
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