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7 Claims,

This invention relates to pump assemblies “of
the type especially adapted for use in high alti-
tude aircraft fuel systems.

More, particularly, the invention relates to

centrifugal pump assemblies in which gas and
vapors are separated from the liquids so that
only fully liquid material is pumped and in which
there is provided a pressure relief valve mecha-
nism for limiting the discharge pressure of the
pumped material to a predetermined value in-
dependent of variations in the speed of rotation
of the pump impeller. S

In accordance with this invention, a pump
casing is so mounted with relation to a source
of liquid, such as a fuel tank, as to be below the
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hydraulic gradient of the liquid: The casing has -

an inlet throat communicating with the source
of liquid and a pumping chamber receiving pres-
‘sured liquid from the throat.  An impeller disk
. having pumping vanes thereon centrifugally
pumps the liquid from the throat to the pumping

chamber. This impeller also carries an agitating .

propeller acting on the liquid before it reaches
the pumping vanes. “The propeller is preferably
positioned at the inlet to the pump between the
pump and a guide cone carried by the pump.
The guide cone is preferably disposed in-the
fuel in the tank to direct fuel to the pump inlet
and to deflect bubbles of gas and vapor beaten
out of the liquid fuel by the propeller away from
the fuel flowing to the pump. ’

" As the liquid flows from the fuel tank through
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the cone and into the pump it is beaten or agitated .

and bubbles of gas or vapor are liberated from

.. the liquid. ‘These. bubbles are thrown radially
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outward from the inlet throat and rise on the '

outside of the cone through the liquid in the
fuel tank to burst at the surface of the liquid.
The gases and vapors are thus liberated from the
liquid. Fully liquid material is then pumped by
the vanes on the impeller and centrifugally dis-
charged into the pumping chamber of the pump.

In those installations of a centrifugal pump in
which the motive power is of the variable speed
type, or when the pump is used in aircraft fuel

sufficiently great to upset proper carburetion in
the carburetor of the engine to which the fuel is
eventually delivered.

In order that the discharge pressure might be

" limited as the speed of the impeller is increased,

a relief valve mechanism is interposed between
the pumping chamber and the interior of the
fuel tank. This relief valve mechanism is of a
type which remains closed until a predetermined
discharge ' pressure-is reached, in the pumping
chamber, at which time the relief valve opens
and the excess pressure is vented back into the
fuel tank. ) o

The relief valve mechanism thereby deter-
mines the maximum discharge pressure of the
centrifugal pump, which pressure varies in direct
proportion with the rotation of the pump im-
peller only between predetermined limits.

" It is, therefore, an object of this invention to
provide a pump whose discharge pressure is

limited to a value below that capable of being.
produced by the pump. ’

Another object of this invention is to provide

a liquid pump with a discharge by-pass whereby
the discharge pressure is variable only to a pre-
determined value. - - :
A further object of this invention is to provide
a by-pass mechanism between the outlet and the
inlet of a pump which is operable at & predeter-
mined discharge pressure. ,

A still further object of this invention is to
provide a spring pressed relief valve mechanism
for the volute chamber-of a centrifugal pump.

. Another and still further object of this inven-
tion is  to provide a centrifugal booster pump
having a pumping impeller with a spring pressed’
relief valve mechanism between the discharge
and inlet sides thereof whereby the discharge

" pressure effected by the pump impeller is limited
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systems to pump fuel directly from the fuel tank -

to the engine carburetor and the impeller speed is
increased to effect a continuous flow of fuel a$
high altitudes, the pump discharge pressure
changes in proportion to the change in impeller

speed. When the impeller speed is increased the.

- discharge pressure will likewise increase with the
result that the discharge pressure might build
up above a desired maximum. If uncontrolled,
the discharge pressure might even reach a point
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to a predetermined value.
- A further object of this invention is the pro-
vision, in a centrifugal booster pump, of an inlet
l;,hroat having a spring pressed relief valve mech-
anism connecting the pumping chamber of the
pump with a fuel tank from which the pump
receives lquid. ’ : -
The novel features believed to be character-
istic of the present invention are set forth with
particularity in the appended claims. The inven-
tion itself, however, both as to its organization
and manner of construction, together with- fur-
ther objects and advantages thereof, may best
be understood by reference to the following de-
scription taken in connection with the accom-
panying drawing, in which; '




2

Figure 1 is a fragmental vertical cross-sec-
tional view along the line I—I of Figure 2, with
parts in elevation, of a centrifugal booster pump,
a fuel tank on which the pump is mounted, and
a by-pass valve mechanism between the pumping
chamber of the pump and the interior of the
fuel tank; '

Figure 2 is an enlarged plan view, with the
- guide cone omitted, of the pump assembly as
seen when taken substantially in the plane indi-
cated by the line II—II of Figure 1; and,

Figure 3 is an enlarged fragmentary vertical
cross-sectional view, with parts in elevation, as
seen when taken substantially in the plane indi-
cated by the line III—III of Figure 2.

In Pigure 1, the reference numeral {0 desig-
nates a fuel tank, vented as at 10a, and contain-
ing a pond P of liguid fuel, such as gasoline.
The bottom wall of the tank has a circular aper-
ture 10b therein. A mounting ring il is posi-
tioned in the tank on the bottom wall thereof
around the aperture 10b.

A booster pump (2, of the centrifugal type, is
suspended on the bottom wall of the tank around

the aperture 10b. The pump includes a casing .

i3 defining a pumping or volute chamber {4 and
a shaft housing 5. The casing {3 is connected
with a source of motive power (not shown) which
drives a shaft 16 in the housing portion (5 of
the casing. The casing has an out-turned an-
nular flange 17 for mounting on the bottom wall
of the tank. The flange |71 receives cap scCrews
{8 at spaced intervals therearound which are
threaded into blind tapped wells in the mounting
ring {1,
dered, or otherwise secured to the bottom of
the tank. : ’
The casing has a circular opening {9 into which
a circular throat ring 20 is seated.
As shown in Pigure 1, the throat ring includes
" a flat botfom wall or horizontal leg 21 and a top
wall or leg 22 which extends from the inner end
of the leg 21 upwardly and outwardly where it
terminates in a horizontal portion in spaced
parallel relation above the leg 21. The outer
diameter of the leg 21 is sized to seat within the
circular opening I9 of the pump casing and has
an . annular groove 2ia (see Figure 3) in the

periphery thereof for receiving a seal ring 2ib’

preferably formed of resilient material.

The upper leg 22 has a plurality of ears or lugs
22q¢ which partially overlie the flange 17 in spaced
relation therefrom. Apertured spacers 23 are
interposed between the flange 1T and the lugs
22a. Cap screws 24 are inserted through the
lugs 22a, the spacers 23 and into threaded en-

The mounting ring may be welded, sol- .
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" gagement with blind tapped wells ia the pump

casing. This construction of the throat ring
provides a series of ports 25 connecting the space

between the legs of the inlet throat and the.

interior of the fuel tank 10.

The upwardly and outwardly curved web por-
tion of the inlet throat leg 22 forms a tapered
central aperture 26 through the throat ring for
joining the interior of the tank (0 with the
pumping or volute chamber {4. -

A guide cone C is disposed in the pond P in
spaced relation above the throat ring 20. The

cone C has a plurality of legs L at spaced inter- .

vals therearound each of which are equipped
with feet F adapted to be bolted on the throat
ring, The cone converges toward the aperture
26 to guide fuel to the pump but terminates in
spaced relation above-the aperture fo provide an
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open space through whieh the beaten out bubbles
can pass. -

The booster pump has an impeller assembly
27 mounted on the drive shaft {6. This impeller
assembly includes a disk or flange portion 28
spanning the inlet or aperture 26 in the throat
ring and communicating freely around the pe-
riphery thereof with the inlet of the pumping

‘chamber 4. Pumping vanes 29, mounted on the

flange 28 around the ocuter margins thereof, un-
derlie the throat ring 20 and the flange 28, open
ended pumping channels communicating at their
outer ends with the pumping chamber {4 and at
their inner ends with the inlet of the throat ring.

A cap or fairing member 30 extends axially
upwardly from the disk or flange portion 28.
The cap member 308 receives the shaft i6 therein
with the upper end of the shaft having a threaded
well for receiving the stem 8f a cap screw 31.
The cap screw coacts with the shaft to clamp
the cap or fairing member 38 on the shaft.

A propeller assembly 32 has an apertured hub
for receiving therethrough the stem of the cap
serew 3f. The hub is interposed between the cap
screw head and the fairing member 30 where it is
clamped in position. The propeller assembly 32
is illustrated as having four radially extending
blades 35. This number may be more or less, if
only being necessary to provide as many blades as
will effect proper agitation of liquid fuel flowing

. towards the inlet mouth of the pump. It is to

be noted that the cap or fairing member 308 ex-
tends upwardly through the throat ring to posi-
tion the propeller assembly 32 on the side of the
throat ring opposite the impeller assembly 21.

The blades 33 of the propeller assembly 32 agi-
tate the fuel flowing down from the fuel tank into
the inlet throat for the purpose of beating out
bubbles of gas and vapor entrained in the liquid
fuel. Rotation of the propeller assembly throws
these bubbles cutwardly from the inlet side of the
inlet throat through the space between the bot-
tom of the cone C and the top of the throat ring
where they rise in the pond P around the cone
to the surface thereof and burst into the atmos-
phere. )

The bubble-freed liquid enters the pump
through the inlet mouth 26 of the throat ring and
it is then pressured by the inmipeller assembly into
the pumping chamber.

The pressured liquid then passes into a dis-
charge pipe 34 and from there into a fuel line 38,
In the usual aircraft fuel systems, the pressured
fuel flows through a fuel line into an engine driv-
en fuel pump and from there directly to the en-
gine carburetor. Should the engine fuel pump
fail in operation, the speed of the booster pump
can be increased in order to deliver liquid fuel
directly to the carburetor of the aircraft engine,
either through the inoperative fuel pump or
through a by-pass therearound. Any increase in
the rotating speed of the impeller will produce
a proportionately higher discharge pressure
through the pumping chamber. It has been
found in high altitude operation of aircraft that
a pressure in the discharge side of the booster
pump up to a certain value is sufficient for in-
suring the flow of liquid fuel to the engine car-
buretor. A maximum discharge pressure can be
predetermined for insuring delivery of a full vol-

--ume of liquid fuel constantly to the engine driven

(]

fuel pump or, if the engine driven fuel pump is
inoperative, directly to the engine carburetor. In
order to eliminate the necessity for careful con-
trol of the speed at which the pump is driven in -
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order to attain the predetermined pump pressure,
& pressure relief mechanism is provided. This
relief mechanism is so regulated as to effect the
desired discharge pressure even though the im-
peller speed is increased to a value which would
normally result in a much higher discharge pres-
sure.

As shown in the figures in the drawing, a plu-
rality of pressure relief valves 36 are provided
around the inlet throat ring 20. Each relief valve
includes a seat formed by the inner edge of an
outwardly tapered aperture 37 through the lower
leg 21 of the throat ring. An enlarged aperture
is provided in the other leg 22 of the throat ring
in axial alignment with the aperture 36 for re-
ceiving a cup-shaped valve member 38. The valve
member 38 has g reduced base 33 at its inner end
for receiving one end of a ccil spring 43. The
outer end of the valve member has an- enlarged
bore 41 for loosely receiving therein a ball 42.
The ball 42 is normally held against the valve
seat by the spring 40 thereby holding the pump-
ing chamber {4 out of flow communication with
the ports 25.

As shown, the valve members 38 are main-
tained within the leg 22 of the throat ring by a
centrally apertured plate 43 overlying the hori-
zontal portion of the leg 22 and clamped thereon
by cap screws 44, These cap screws 44 can also
be used to extend through the feet F of the cone
legs L to bolt the cone on top of the pump as-
sembly.

It is preferable, although not necessary, that
the leg 22 be recessed to provide a shoulder 4%

adjacent the inlet aperture for seating the plate ,

43 flush with the outer face of the leg 22,

It is to be noted that the opening 31 is so po-
_sitioned in the lower leg 21 of the throat ring
that it connects for fluid flow the pumping or
volute chamber 14 and the ports 25 between the
spaced legs of the throat ring.

The pressure exerted by each of the coil springs
40 is predetermined as this pressure is the’ maxi-
mum discharge pressure of liquids pumped
. through the volute chamber by the impeller as-

sembly. - When the speed of rotation of the mo-
tive power of the pump impeller assembly is in-
_ creased, the discharge pressure of liquids pumped
by the pump impeller into the volute chamber
will increase proportionately. When the. dis-
- charge pressure in the volute chamber exceeds
the pressure of the coil springs 40, the latter ‘col-
lapse and the balls 42 are urged away from their
valve seats. Liquid under pressure within the
volute' chamber will then circulate through the
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a centrifugal pump of the type described, the
discharge pressure thereof will vary up to & pre-
determined value as the speed of the impeller is
increased. As soon as this predetermined value
is reached the discharge pressure of the pump -
remains substantially constant. Since the pres-
sured liquid is freed from bubbles of gas and
vapor by the agitating mechanism of the pump,
liquid and not 'gas pressure controls the opera-
tion of the relief valves. ' '

" 'While g particular embodiment of this inven-
tion only has been illustrated, it will, of course,
be understood that the invention should not be
limited thereto, since many modifications ‘may
be made, and, therefore, it is contemplated by
the appended claims to cover all such modifica-
tions as fall within the.true spirit and .scope of

the present invention.
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I claim as my invention:
. 1. In a centrifugal type pump lncludmg a cas-
ing having a central inlet throat opening into a
source of fluid supply and a peripheral volute
chamber, an impeller with pumping vanes be-
tween said throat and said volute.chamber for
pumping fluids received from said source through
the throat into the volute chamber, said inlet
throat having a relief passageway joining said
volute chamber with said source, and means nor-
mally closing said passageway sensitive to a pre-
determined pressure in the volute chamber for
opening the passageway whereby the pressure in
the volute chamber is limited to a predetermined

‘value.

40

2. In a centrifugal type of pump having a cas-
ing defining an inlet opening and a discharge
volute chamber, & throat ring in said inlet open-

-ing having spaced legs connected by a curved web

portion, one of said legs overlapping said dis-
charge volute chamber, the space between said
legs and.the inlet of said pump opening into a
source of fluid supply, an impeller with pumping

. vanes between said throat ring and said volute
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openings 31 and the ports 2§ into the fuel tank .

0. Consequently, the pressure exerted by the

coil springs 40 determines the maximum dis-

charge pressure of liquids pumped by the impeller
assembly through the volute chamber and into
the discharge line 3§. Obviously, this maximum
© pressure may be changed as desired, either by
regulating the compression of the coil springs 40
or by changing the size therecf. ’

It is to be noted that the bore &1 of the valve
member 38 is sufficiently large to loosely receive

the ball 42 while the bore 39 is.smaller in diame- .

ter to limit the inward movement of the ball.
Furthermore, the valve member projects into the
space between the legs 2[ and 22 to Ioosely hold

the ball 42 in proper -alignment with its valve'

seat. This eliminates any possibility of the ball

being laterally displaced in the ports 2§ and into

the interior of the tank 10.
It will be apparent from the foregoing that in

e
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chamber receiving fluids from said source through
the throat and pumping the fluids into the volute
chamber, at least one opening through said over-
lapping leg of the throat ring connecting the dis-
charge volute chamber and the source of fiuid
supply to flow therebetween, a ball seated onh a
seat deflned by the edge of said opening on the
side of said one leg opposite the side overlap-
ping the volute chamber, and a coil spring nor-
mally maintaining said ball on the seat. to close
said opening, said ball being urged away from
sald seat when the pressure in said volute cham-
ber exceeds the pressure of said spring whereby
the volute chamber is vented through the open-
ing into the source of fluid supply. .

3. In a centrifugal type of pump having a cas-
ing defining an inlet and a discharge volute
chamber, & circular throat ring of U-shaped sec- -
tion formed by spgced legs and a curved con-
necting web, one of said legs being seated in said
inlet and overlapping said volute ‘chamber, the
inlet opening of said throat ring defined by said
curved web and the space between said legs both
opening into a source of fluid supply, sealing

. means between said one leg and said inlet, an
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impeller with pumping vanes between said throat
ring and sald volute chamber receiving fluids
from said source through the inlet opening and
pumping said fluids into said volute chamber,
openings through said one leg spaced around said
throat ring for connecting the space between said
legs and the volute chamber to fluid flow, a ball
for each of said openings seatable on the side of
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said one leg opposite the side overlapping said
volute chamber, and & coil spring for each ball
having one end seated on & ball and its other
‘end seated in a recess in the other leg of said
throat ring for normally maintaining the open-
ing in said one leg closed, said ball being urged
away from said opening when the pressure in
said volute chamber exceeds the pressure of said
coll spring whereby pressure in the volute cham-
ber is released into the space between said legs.
4, In a pump having a casing defining an open-
ing, a hollow throat ring arranged to be seated
in said casing opening, said throat ring having
spaced superimposed legs connected by a curved
web whose inner surface defines a flared inlet
for the pump, one of said superimposed legs be-

" Ing sized to seat within said casing opening, an
annular groove in the periphery of said one leg,
a resilient member seated in said groove for seal-
ing engagement with said casing opening, spaced

- radially extending legs on the other of the super-
imposed legs on said throat ring, said radially
extending legs overlapping said pump casing,
spacers between said radially extending legs and
said casing, and means for connecting said radi-
ally extending legs and spacers to said casing,
the space between said radially extending legs
defining ports communicating with the space be-
tween the superimposed legs of the throat ring.
5. A throat ring construction comprising a hol-
low ring member having spaced radially extend-
ing legs connected at their inner ends by a curved
web, radially extending legs spaced circumferen-
tially around one of said legs for connecting the
ring member to a support, aligned openings in
said legs, and a valve mechanism in an opening
in one of said legs for normally closing an open-
ing in the other of said legs, said valve mecha-
nism including & cup-shaped member inserted in
sald opening of said one leg and opening toward
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sald opening in the other leg, a ball, and spring
means carried by said cup-shaped member for
normally urging said ball against the edges of
sald opening in the other leg to close the same.

6. A throat ring construction comprising a hol-
low ring member having spaced radially extend-
ing annular legs connected at their inner ends
by a curved web defining a flared surface ex-
tending axially through the ring member, cir-
cumferentially spaced apertured legs on one an-
nular leg adjacent the flared end of the ring
member, pairs of aligned openings through said
spaced legs, the openings in the cther annular
leg being tapered away from said one leg, a ball
for each tapered opening in said other leg and
being sized for seating on the edges of the open-~
ing at its largest end, a cup-shaped member in

~ each opening in said one leg extending into the
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space between said legs, said cup-shaped member
opening toward the aligned tapered opening in
said other leg and having a bore at its outer end
for loosely receiving said ball, a coil spring in
said cup-shaped member for normally maintain-
ing said ball against sald tapered opening to cover
the same, and a ring plate seated on and con-
nected to said one leg for maintaining said cup-
shaped members in the openings therein.

7. In a pump constructiop having a central

. inlet throat adapted to communicate with a pond

of liquid and a peripheral pumping chamber
communicating with said throat and adapted to
receive liquid therefrom, the improvements of
communicating relief passageways adapted to join
said pumping chamber with the pond of liquid
feeding the inlet throat to discharge liquid from
the pumping chamber back into the pond at a

. point radially outward of the inlet throat, and

valve means controlling flow through said pas-
Sageways.
. RUSSELL R. CURTIS.



